a2 United States Patent
Ochiai

US009453212B2

US 9,453,212 B2
Sep. 27,2016

(10) Patent No.:
45) Date of Patent:

(54) PHOSPHATIDIC ACID PHOSPHATASE GENE
AND USE THEREOF

(75) Inventor: Misa Ochiai, Osaka (JP)

(73) Assignee: SUNTORY HOLDINGS LIMITED,
Osaka (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

(21) Appl. No:  13/518,087

(22) PCT Filed: Dec. 27, 2010

(86) PCT No.:

§ 371 (e)(D),
(2), (4) Date:

PCT/IP2010/073565

Jun. 21, 2012

(87) PCT Pub. No.. WO02011/081135
PCT Pub. Date: Jul. 7, 2011

(65) Prior Publication Data
US 2012/0309950 Al Dec. 6, 2012
(30) Foreign Application Priority Data
Dec. 28,2009  (JP) cevereviveeeiineereencnen 2009-298551
(51) Imt.CL
CO7H 21/04 (2006.01)
CI2P 21/02 (2006.01)
CI2P 7/64 (2006.01)
CI2N 9716 (2006.01)
CI2N 15/63 (2006.01)
CI2N 5/10 (2006.01)
CI2N /15 (2006.01)
CI2N 1/19 (2006.01)
CI2N 121 (2006.01)
CI2N 15/82 (2006.01)
(52) US. CL
CPC ....cccue. CI2N 9/16 (2013.01); CI2N 15/8247

(2013.01); C12P 7/6463 (2013.01); C12Y
301/03004 (2013.01); YO2P 20/52 (2015.11)
(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
2009/0293150 Al

2010/0196579 Al*
2012/0058245 Al

11/2009 Meyer et al.
8/2010 Ochiai et al. ................. 426/601
3/2012 Meyer et al.

FOREIGN PATENT DOCUMENTS

WO 2009/008466 Al 1/2009
WO WO 2009/008466 Al * 1/2009
WO 2009/143398 11/2009

OTHER PUBLICATIONS

Han et al., J. Biol. Chem., 2007, vol. 282:37026-37035.*

English language version of WO 2009/008466 (Ochiai et al., Int’l
Pub. Date: Jan. 15, 2009).*

Eck, S. L. and Wilson, J. M.,1996, in: Goodman & Gilman’s The
Pharmacological Basis of Therapeutics, Ninth Edition, McGraw-
Hill, New York. See Chapter S, pp. 77-101.*

Carman, “Phosphatidate Phosphatases and Diacylglycerol
Pyrophosphate Phosphatases in Saccharomyces cereveisiae and
Escherichia coli” Biochim. Biophys. Acta 1348:45-55, 1997.
Carman et al., “Roles of Phosphatidate Phosphatase Enzymes in
Lipid Metabolism” Trends Biochem. Sci. 31(12):694-99, 2006.
Santos-Rosa et al., “The Yeast Lipin Smp2 Couples Phospholipid
Biosynthesis to Nuclear Membrane Growth” EMBO J. 24:1931-41,
2005.

Han et al., “The Saccharomyces cereveisiae Lipin Homolog Is a
Mg**-dependent Phosphatidate Phosphatase Enzyme” J. Biol.
Chem. 281(14):9210-18, 2006.

O’Hara et al, “Control of Phospholipid Synthesis by
Phosphorylation of the Yeast Lipin Pah1p/Smp2p Mg?*-dependent
Phosphatidate Phosphatase” J. Biol. Chem. 281(45):34537-48,
2006.

Han et al., “The Cellular Functions of the Yeast Lipin Homolog
Pahlp Are Dependent on Its Phosphatidate Phosphatase Activity” J.
Biol. Chem. 282(51):37026-35, 2007.

Carman et al., “Phosphatidic Acid Phosphatase, a Key Enzyme in
the Regulation of Lipid Synthesis” J. Biol. Chem. 284(5):2593-97,
2009.

International Search Report for PCT/JP2010/073565, dated Feb. 1,
2011.

Extended European Search Report issued with respect to patent
family member EP Patent Application No. 10840991.3, dated Apr.
25, 2013.

* cited by examiner

Primary Examiner — Xiaozhen Xie
(74) Attorney, Agent, or Firm — Greenblum & Bernstein,
PL.C.

(57) ABSTRACT

The present invention provides phosphatidic acid phos-
phatase cDNAs and recombinant vectors comprising nucleic
acids encoding proteins having phosphatidic acid phos-
phatase activity wherein 100 amino acids at the N-terminal
region and DXDX(T/V) catalytic site motif are conserved in
the protein.

5 Claims, 19 Drawing Sheets



U.S. Patent Sep. 27, 2016 Sheet 1 of 19 US 9,453,212 B2

Figure 1-1

1 100

PAHY. 1-genome
PAHT. 1-0RF

161 200
AGCTTTGCCTGTCCTCA

PAH1. 1~genome

PAHI. 1-ORF  AAGCCGATGGTGAATTAGCATGETCACCATTTCATGTCC00T T TGRCAAAGTGAGEATTCTCCRACCECAGBABARRGTGRT - ———-————---—-
201 300
PAHI. 1-genome  CCTCCAAGCATATCGGTACCCGAGACGACCCTTGCTATTGCCCCCTCTTCAARACCTTGCCGACTGARATGCGTTTCCTGGTCTARAGTGACTCCGTCGE
PAHT. 1-ORF
301
PAHI. T-genome  GCATGTCCGCTCCACATCAATAAGCTCTGATACATGGTCARAATAACTCCTCGACGGECTTCTTTAG
PAHI. 1-0RF

PAH1. 1-genome
PAH1. 1-ORF

501 600

PAH1. 1-genome TAAATCACGACGTTG

PAHI. 1-ORF A S
501
PAHI.1-genome  TATCATGCTCCTGAGACATGCGGAACGCEGCGGAATCCCGTCCCTCRCAAGGTTGTCGETACT TACATAATACTACGCGCCATCEAT
PAHI. 1-0RF

PAH1. 1-genome
PAH1. 1-0RF

PAHT. 1-genome
PAHI. 1-0RF

PAHI. 1-genome
PAHT. 1-0RF

1001 e

PAH1. 1-genome
PAHY, 1-0RF

1101 1200

PAH1. 1-genome
PAHT. 1-0RF

PAH1. 1-genome
PAHT. 1-0RF

PAHY. 1-genome
PAH1. 1-0RF




U.S. Patent Sep. 27, 2016 Sheet 2 of 19 US 9,453,212 B2

Figure 1-2
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Figure 1-3
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Figure 1-4
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Figure 2-1
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Figure 2-2
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Figure 2-3
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Figure 2-4
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Figure 3-1

1 ATGCAGTCCGTGGGAAGCTTCTTCTCCACTGTCTCAAGGTTCTACAATGAGCTCAATCCAGCCACGCTTTCGGGCGCCATTGACGTGGTCGTGGTCGAGC
QS VESFFSTVY SRFYNELNPATLSGALPIDYVVVESQ Q:-

101 AAGCCGATGGTGAATTAGCATGCTCACCATTTCATGTCCGCTTTGGCAAACTGAGCATTCTCCGACCGCAGGAAAAAGT GGTGGAGGTGACCGTCAACGE
+ADGELACSPFHVYRFGKLSTTLRPQETKVYVYVYEVYVYT VNG G:

201 TCGCGTCGTTGATTTTCCTATGAAGGTTGGCGATGCAGGCGAAGCCTTCTTTGTTTTTGAGACTGAGCAGGACGTGCCCGAAGAGTTTGCCACGTCTCCA
RV VDFP MK VY GDAGEAFFVYFETEQ QQDV?PEEFATSTP

301 CTAGCGGGACCCAACACAGACAAAGTTGAGGAGGACATTGACTATCTGGATC TAGCCGAAGGGCATAGCACCGTGACATATCCGCCTGACGATATAGTCT
LAGPNTDKVEETDIDYLDLAEGHSTYTYPPDDI VL:

401 TAGATGCGGGCTATGTCAGCGCCCACAGTGGGCATGGATCAGAGTTTGAAGAAGACGAGAGAGCAGACTTGTCGCCTGAATTTGACAAAAAGCCAGATTA
D AGY VS AHSGHGSEFETESDERADLSPETFTDEKTKTPDY

501 CGCATCCGCGGTCAAATACGGCGGTACAAATGGACAAGGGAGACACCTAGGCAGTGCTAATGAGGCAACAACGTCTGTACATGCTTTCATGGAGCGGCAA
cAS AVKY GGTNGSQGRHLGSANEATTSVHAFMNERAQ

601 GTTCAACGATGGTCGCTTACCATGTCCCTACCACCCTCTCCGGTRTTAAAGTCTCGCGACATTATGGAGAACTTTCAGCCTATTGACTCGGCGRGCCCTT
VR W¥WSLTMHMSLPPSPVLKS SRDIMNMENTFGGP!IDSAG?PTF.:

701 TCGATAATAGTCGAGAGGATTCTGGACGCCTGCTCGCGCCAGAGACTATCGCCGTTAGCAATGGAGGCAGCAGTGGATCTCTGTTTCATCCTAAGGAGGRG
D NS REDSGRLLAPETTIAVSNGGSSGESLFHPEKTETG G:

801 CATGATAATGGACATGACTGGCTACAAGACCGAGGACTCTGACCTGAATTCCGATGCGTCTGATGAACATGATGTAGGCATGGCTGGCGCTTTGAATGGT
‘M I MDMTGY KTEDSDLNSDASDEHDVGMAGALNGE

901 CGCCATCGGCGCAAAAGGGCTGCTCGGCGGAAAAGGAGAGGGL CGGTGCATGGCGTCAACTCTCAAGACAACCTGGCCACTGAAACTCCCTCAATTACAG
RHRRKRAARRKIRRGPVHGVY NSQEDUNLATETPS I TA-

1001 CGCATGYCCTCAGCAGTCTCGACCCTCGCTTGCCGTTGCGACCTACTGCGCGACCTGCTCTACGCCCCAAAGCTAACAACGGGTTGGGCACTCTACCGAA
«HVLSSLDPRLPLRPTARPALRPIKANNGLGTTLPN:

1101 TCGCCGTTCGTCATCGATGCCGAATCTTAAAGAT TTCGTAGGTGAGAATAACAGT TTGTCGCCAAGCGTGCCGGCGATAATGCGACGCTTTCCTTCGAAG
*RRS S SMHPNLKDFVGENNSLSPSYPAIMNRRFPSEK

1201 ACGTTAAACTCAAAGTTTTCCGCAAGAAGCGACATCAAAGATGGGACCAGTTCAAGCAGCTCCGTAGCCTCCTCGCCTCCACCGTCAGTTGCCAACCAGT
TLNSKFSARSDI KDGTSSSSSVASS?PPPSVANIGQGLZ Q-

1301 AGAGCCCTAAAAACCGCCACCATCACCATCATCACCACAAAGAGCACACCGAAGGAAGCCATCCCCGTCGCCACTCGCACAAACCTTCACAGCAAGTGCA
§ PKNRHHHHHHHEKEUHTEGSHPRRHSHIEKTPSQQV Q-

1401 AGTGAAAAAACCCCCGCCCAGATCCAATCCAGCTGTTAATGCGCTGAGCGATACGGAGCTCGAGTATCAAACGCCGCGAACAACAGCAGCTACTCAAGAA
*VKKPPPRSNPAVYVNALSDTELEYQTPRTTAATA QE

1501 TCAGAGTGGTCCTGGGGATGGGGCAGCTTACCGGTTAAAAATGACGGTCTAGGCACAGGGGAAGCAGATCACAAGGAGCATCACTCTAGTCATCCATCAA
S EWS ¥WGWOGSLPVKNDGLGTGEADHTEKTETHHSSHTPS.I

1601 TCGACATTCCAGCCCCACGGAAACCTGTGTTGAACGAGATGGAGATTGACGGGACTGTGTACAGACTCGCCATCAGCTTGTGTCCGGGTGATGAATTCGG
DI PAPRKPVLNEMEIDGTVYRLAIISLCPGDETFSG:

1701 AAAAGATTTGGAAGCCAGCGAAGCATTGTTTGCCACCAATCAGGT TTCGTTCGATGAGTTCGCGAAAGACCCACTCAAGACTCTCAATAACAAGAATTTG
K D LEASEALFATNQVSFDETFAKDPLIKTLNNIKINL

1801 GTCTGCCTGATCAATGACCGGTATTTTACTTGGACAGCTGCGGGACCATATCTTTCCTCACTGATGCTCTTCCGGAAGCCTCTCTCTGACGAAACGLTCC
veLINDRYFTW¥TAAGPY LS SLMLFRKPLSDETILH:-
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Figure 3-2

1901 ATCAGCTTTCAGCCAAGGACTCGCGGCATCTATCAGATCGACTCGCTGTGCAAGATGAGCCCCCAACCCGTTTCGGCGC TCTCTCCAGATGGCTAAGGGE
Q@ Lt S AKDSRHLSDRLAVQDETPPTRFG GCGALSRUSY¥LRG-

2001 ATCACAAACCTCGTCCCAATTGAGCGCGATGGAGCAAGGGCAAAGACAACGTACTCCCAGTACCAACGATGCCTTGCAGCCTGCTCAGTTAGAGGAGAGT
+$ @78 8§ QL S AMEQGAQRQRTPSTHNDALGPAQLETES

2101 CAAGCTTTACAGAGCGTGAAAGTCGAATCGATTAAGCACACTTCCGGATCACATTCATCACTTCTACGCGCTCCTAAACCAATGACTCGTAGCACCTCTC
Q@ AL Qg SV KVYESI KHTSGSHSSLLRAPK®PMWTRSTSL:

2201 TGCCGATCGACGAAGGGATCGCCGGGTCTATATCAGACGAGTACGCTGGAAGCTCGCCTCCGACACATTCTGCGCTCAAGAGCAGTAGACGGTATGCGAA
P11 DEGI AGS I SDEYAGSSPPTHSALKSSRRYAK:

2301 AACGCTTCGCTTGACATCTGAACAGTTGAAATCACTAAATTTGAAAAAAGGCGCCAATACATTGACGTTTTCAGTAACGTCAAGTTATCAAGGCAAAGCA
*TLRLTSEQLEKSLNLEKZKO GANTLTFSVISSYQQGKA

2401 GTTTGTTCCGCCAAATTGTTTCTGTGGGACCATGACTACCAAGTCGTCATATCGGACATTGATGGCACGATTACAAAGTCGGACGCTCTCGGACACATCT
VCESAKLFLWYDHDYQV VI SDIDGEGT I TKSDALGHTIF:-

2501 TTACCATGGCAGGAAAGGATTGGACCCATTCGGGTGTCGCCAAACTTTACACGGACATCGTCAACAATGGGTATCATATTTTGTACTTGACCTCAAGGGE
THAGKDWTHSGVYAKLYTDI!I VNNGYHI LYLTSRA:-

2601 CATTGGACAGGCAGACTACACACGAAAGTACCTCAAGAACGTGGAGCAAAATAACTACCAGTTACCGGATGGACCGGTGATCATGAGCCCTGATCGETTG
G QADY T RKYLKNYEQNNYQLPDGPV I NSPDRL

2701 ATGACCGCCTTCCACAGGGAGGTGATTATGAGGAAGCCAGAAGAATTCAAGATGGCATGTCTGCGTGACATTCGGAGGCTGT TTGGAGATCGCAACCCLT
MTAFHREVIWMRKPEETFZ KMACLRDIRRLFGDRNTPTF

2801 TCTATGCCGGGTTTGGAAACAGAATCACGGACGCACTGTCCTACAGGAGCGT TAATGTCCCCTCATCTCGGATATTTACAATTGATTCGGGAGGTGAAGT
YAGFGNRITTDALSYRSVNVYPSSRIFTIDSGGEV-

2901 CAAGCTGGAGCTCCTCAGCAGCTACAAATCATCATATCTCGCGTTGAACGATCTCGTGAATGAGATCTTTCCAGGAAAAAGACAGGCACCCGAGTTCAAT
‘K LELLSSYKSSYLALNDLYNETLFPGKR®SEAPETFN

3001 GACTGGAACTTTTGGCGGGCGCCCTTGCCAGATATCGAGCTTCCAGT TGCGCCGTCTCATCAATACGCCCCTACAGCGGTGCCGGGCGAGTACAATGCAC
DWNFWRAPLPDIELPVAPSHYAPTAV?PGEYNA AZ]g:

3101 AAGGATATTCTGCAGGTCCTGGCCGGTTGGGAGTGATACGGAGCCTTACCAGTTCCCTCACCTCAGCAGGACCGCTCAAGACGAGGACCGCTATCCCAAT
GYSAGPGEGRLGVY I RSLTSSLTSAGPLKTRTAILP.I

3z0 TTTTACCTCAAATTCGCCCCCTCCTCCGAATTCCTACCCATCGGCGATGAAGCCCCATGCACCGCATCAGTCCCAAGCAGCCTCCTCCTCGCCTCAALCC
«cF T § NS PPPPNSYPSAMKEPHAPHTG GESAQPASSSPQTP

3301 CCCGCATCAGCGCCGTCAGGACTGCAGATCGCTGATAGGACCCGTCGACTCTCGCTGTCGTTGATGCGATATAGCAGCCATTCAGCTCCCACGTCCGLGE
PASAPSGLQI!I ADRTRRALSLSLMWMNRYSSHSAPTSAP:

340 CAGTTTTGAGAACTTTGACCGACAGTTCCGAGCCCAATGTCGGCATTGACAGCGGTGATGCAGGCGCTCTCTCTGAGGGGAATCAGGCAGGTTTAGAGCC
viRTLTDSSEPNVGIDSGDAGALSETGNG QAGLET®P:

3501 AAATCGCTCACCTCACTTGGGATCCAACACTGATGGCGTTTTCCCACTGGACGTTCCTGTTGTGAAGAGAAAGGCATCTGGTTTCTCGRTCTCACCGCCC
N RSPHLGSNTDGVFPLDVPYVYKRKASGFSVS?PP

3601 CAGCTTGCCAGTCGACTAAGTGAGACTGTAATGCCTTTTCTTCGCCGACGAGCATCCAAGT TGGAGCAGGGGCAGGAGCAGCAGCAGGAACAGCAGCAGE
4L ASRLSETVMWPFLRRRASIKTILEQ QG QEA® QQQREQQQE-

3701 AACAGGAACAGGAACGAGAGCATGATGTCCAGCTGGGTGCAGCAGC TGAAGGGGAGCAGCTTGCTTACACTCGAGAGTACGGGGAAGAAGAAGCCGLTGE
Q@ EQEREHDVYVQLEAAAEGEQLAYTREYG GETETEHAAR:
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Figure 3-3

3801 TGGATATCTGGCGGAGGACCATGAACTCGGAGAGGATGAAGAGGATGAAGCAGAAGGAGCAGATGGATATGTTGGTTATTCTGGAGAAGAGCATGAAGGT
‘G Y LAEDHELGESDETETDET GEGADG GYVGYSGETETDESG G

3801 CTGGAAGAAGATCAGCTCGAGGGTGAGGAAGACGAGGATGAGGATGACGATGATGTAGAGCTCAACATTGACGCTCCGTTCCTATGAACATCCTTGTACA
L EEDARLEGEEDESDETDDDDVELNIDAPTFIL

4001 TCAATGCGACAGATCACAGGGGTTGCAAGTCGTCTGATGCTATGAGCCTTCCAAGTTTTTGGCTGGATAAATGGGRTGTTGTTGAGGATTTATTGTTGTTA
4101 CAAGGCGATGCCGATTCAAAAATGTGGATAGCCGCACTGGTGCAAGAGGTCGGAAATGGCAAAGAGGACGAGCAAGAAAGAAGAAGGAGAAAAAAAGACA
4201 TAAACTACCAAGGAGAAAAGTCTATAACAGAAAAAAAAAAAAAAAAAA
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Figure4-1

1 CCTTCGCATCACCAGCCCTTCTCGTCCTTCTCGTCLTTCTCTCCCACGCGCCTCTCTTCCCACGCCACACCATGTATTCTGTCGGGAACTTCTTCTLGAC
WY sSVvV_4eGNFF ST

101 CGTTACGAAATTCTACAATGAGATCAACCCCGCCACCCTCTCCGGCGCAATCGACATCATCGTCGTCCAGCAGGCCAACGGCGACCTTGCATGLTCTCLC
VT KFYNEINPATLSGAIT DI I VYQ2QZANEGDLACSTEP

201 TTCCACGTGCGTTTCGGCAAACTCAGCGTCCTCCGGCCGCAGGAGAAGGTCGTCGAGGTTCGGGTCAATGGCGAAGTCATCGCCTTCCCCATGAAGGTCG
FHVYRFGKLSVLRPQEKVYVEVYRVNGEV I AFPMNKVG-

kg GCGACGCAGGAGAGGCCTTCTTTGTGCTCGAGACCGACGACTATGTGCCGGATGAGTTTGCCACATCGLCTATCGCTGGTCCGAGTGACGAAGCCGALCT
+DAGEAFFVLETDDY VPDIDEFATSP?PI AGPSDEATDL:

401 CGCCCCTGTTGACTACTTTGACCTGAACGGCCATCCCCACGGGTCTCAGGACCAGAAACGGAGGCAGCATCAGCAGCAACAGGTGCTGGAGGGCATGAGE
AP VDY FDLNGHPHGS @D QKRRQHQEQQQVLEGMNMS

501 GGACAGTATCCTCAAGGAACAGAAGACGATGCTCCTCTTGACAACGGCTATGTGAGCGCTGCTAGTGGCCATGGCTCTCCTTTTGAAGAGAGCTTGAAGG
G QYPQGTEDDAPLDNGYVSAASGHGSAFETETSTLTZEKTD-

601 AGGACAGCGATCACGAGTCGGTCTTCTCGGCCACATCCCCAGGATCAGCAGAACGGATCGCCGCCGATTCTAATACTAAGGACACAGCACTCGACTTGLC
+D SDHESVFSATSPGSAERI AADSHNTIKDTALTDLP:-

701 TGGATCCTTTGGCCCAACGGTAGTGACTAATACCATCAAAAACAAGGACAGCATCAACTTTCCAGTTGATGCCATCTTTCCTACAGTTGCACACGAGGAA
*6 S FGPTVVINTILIKNKDSINFPVDAIFPTVAHEETE

801 CAGGACATGGCTCTGATCAAAGATCAACAGGGCTCTCGATCCAGCCGTCGCAGAAGTGAGGTCCTATTCGATATGACAGGATACAAGACCGACTCATGET
Q@ D MALI KDOQQGS®RSSRARRSEVYLFDMTGYKTDSTCS-

961 CGGACTCGTCGGATGATGAGGATGGCTTGCCTCGTGGCATTCTATCGGATAGTGAGCGTCACGGTCGTAGCACGCGTAAGAAGTTCAGGAGGAGCAAGTC
DS S$SDDEDGLPRGILSDSERHGRTSTH REKTEKTFRRPRSZKS-

1401 GCACCTTTCAATGGAGCAGAGGCACCAATTGCTGGAGGACATTAAACAAGGAGCGTTCCTGAAGCCCGAGGAAAGCCTTGCAAACACACAGATTGAACGT
cH L $ WMEQPRHQLLEDI KSSGAFLIKPEESTLANTAG QI ER

1101 CAAACATCCCGGGCAAGTAGGAAAACAAAGAGGGCAAGCATTCCAAGTGCATGGCAAGGACGAAGGAACAGGAAGAGAGCCAACAGCATGCCTGCTATCG
@ T SRAMSRKTEKRASIPSAWQEGRRNRKRANSMKPATL G-

1201 GTGAACCAGACTTGGCATTTCCTGCCTATGTGGCTCGCCGACCTAACCATCGTCGCGATGCTCAAGCAAACCAGACGGATGTTGCAATGGACGACAAGCC
«-EPDLAFPAYVARRPNUHRRDAQANQTDVAMNMDTIDEKTFP:-

1301 CAAGCCCAAGCGCACTGCTCGGCCCAGCGTTATGAGCGATACGGAGATGGAGTATGAATCCAACAATGTCCCTGCATCTACCCAGGGTAAAGAGTGGACC
K P KRTARPSVMHSDIDTEMNEYESNNYPASTQGKEWT

1401 TGGGGATGGGGAACGCTGCCTGTCAAACAGGATAACCCTGATGAAGAGGATGAGATCAAGGAACAAATTACGGAAGAAAAGGCGCCCGAAGTTCCTGTGG
¥ 6WwGoGTLPVKSEDNPDEEDEII KESRQIPTEEKAPEVPVL.:.

1501 AGATTGAGGCAAAGGAGTTTCAGATGGGATCAACAAAATGCCGCGTAGCGCTCAGTCTCTGCGGAGAGGATGACTTTGGAAAGGACATTGTTGCTAGCCA
! EAKEF Q@ MGSTKCRVYALSLCGETDDFG GKTDTI!I VASH:-

1601 CAAGGCTTTTCAAAGAGCCCAGTTGACCTTTGAGGCATTCTCCAAAGATCCCGCGGCAATTCTGGCCGACAAGAGACTTGTGTGTTACATGGATGGGCGG
‘K AFQRAQLTFEAFSKDPAAILILADE KR RLYVCYMNDGR

1701 TTTTATTCGTGGAGTAATGCCGTTCCTCAGCTCGCAGCCCTTCTCTTCTTCCACCAGCCTCTTTCAGACGCGGCCTCTGCTCTCGACCTCAAGGACCAAA
FYSWSNAVPQLAALLFFHGQQPLSDAASALDTLEKT DTG EGK:

1801 AGGCACATGCGGCCGAGGACAGACCGAGCGCCACGCOTTTTGGCACAATCTCCAGATGGTTCAGGAAGGCGCCTGCAGGCAGCGCGTCCCCCTCTATTGE
cAHAALDRPSIATRFGT I §RH¥FRKAPAGSAS?P S T A
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Figure 4-2

1901 AGATATGGCCTCAGCATCCTCGACAACCCTTGCAGGTGGTGAGACCGCCGCTGTCGCTGTGGGATCAGAT GACGACGAGCCCTTIGCACAACAAGGECCTG
‘DM ASASSTTLAGGETAAVY AV GSDDDEFPLHNTIKAL

2001 CGTAGCAAATCCCTGCCCCCACTGGAGACTGGCCGGACCGACGACCACAGTCAGAGCCATGTCGCTGTACCTGCGCTTTCGGAGAAAGCAGCGGACGGTG
RSKSLPPLETGRTDDHSQSHVYAVPALSETEKAADGEGYV:

2101 TCCCAGATCAGAAGCGCTATGCCAAGACGCTGCGGCTCACCTCGGAACAGCTTCAATCCTTGGGTTTGAAAAAGGGCGCCAACACGGTCTCGTTCTCAGT
PDQKRYAKTLRLTSE® QLQ@SLGLKEKS GANTVSFSV:

2201 GACATCGTCCTACCAGGGAACTGCAACTTGTGTAGCCAAGATCTTTTTGTGGGATTACGACTCCCAGGTGGTGATCTCGGATATTGATGGTACAATCACA
7T $ $YQGTATCVAKIFL®DYDSQVVISDIDGTIIT

2301 AAGTCAGATGCCCTCGGCCACATTTTTGCCATCGCCGATCGCGACTGGACGCATCTCGGTGTCGCCAAGCTGTTCACAGATATTCGCAGCAACGGATATC
K $DALGHI FAMAGRDWTHLGY AKLFTDIRSNGYH:-

2401 ACATCCTGTACCTGACCTCCCGAGCCATYGGCCAGGCAGACTACACACGCAAGTATCTTCAGAAGGTCGAGCAAAACAGTTACCAGCTCCCGGATGGCLC
t LY LT SRAIGQADYTRKYLQKVYEQNSYQLPDGP-

2501 TGTCATCATGAGTCCAGACCGTCTGTTCTCTGCCTTCCATCGTGAGGTGATTATCCGGAAACCAGAGGTGTTCAAGATGGCGTGTCTGCGTGATGTGAAG
¥y | M SPDRLFSAFHREVY I ! RKPEVFKMACLRDVK

2601 AAGCTGTTTGGGGACAGGAACCCGTTCTATGCTGGATTTGGAAACCGGATCACGGACGCCCTCTCCTACCGCAGTGTCAACGTTOCACCCTCCCGAATCT
K LFGDRNPFYAGFGNRITDALSYRSVNVPPSRIF:

2701 TCACCATTGACTCTTATGGTGAGGTGAAGTTGGAGCTGCTCAGTGCTTTCAAGTCTTCATACTTGGCTTTGAATGACCTCGTCAATGAGATCTTCCCAGG
T 1 DSYGEVKLELLSAFKXKSSYLALNDLVYNETLFPG:-

2801 AGAACGAGTTGCACCCGAGTTCAACGACTGGAACTTTTGGAAATCGGATTTACCACGGATTGATCTCCCTGATCTCCCCATCCCCAACAATAATTATACA
*Q R VAPETFNDUWNTFUW®WKSDLPR I DLPDLPIJPNNNYT

2801 TCAGGATCTTCGACATCGCTCCTCTCATCCACCACTAGCGTGGCCAAGAAGGTGGCGTCTTTCACCAGCTCTTCATCGAGCTCGAACCTTCTCCAGCCAA
$ 688§ T SLLSSTTSVAKKYASLTSSSSSSNLLQPT:-

3001 CGTCGCCCACTAGCCCTACGGGAGATTTCAAGAACAAGCGCCTGTCTAATGACAGAAACACGTATGCGGGCGTCCTTTCAGGACGTCAGGACACATGGAC
S PTSPTGDFKNIEKRLSHNDRNTYAGVLSGRAQDTWT:

3101 CAGCGATGATGAATATCAGGATCAACAGCAGCGACTGATCGCGGGTGACTCTGCGCLGTCAACGCCAGGATCAGAGTTGAAGGCAGGACAGGAGCTGAAG
»$DDEY QDQQQRLIAGDSAPSTPGSELKAGRSRETLK

3201 GAGGATGCAAGGAAGGCACGATCTGGCTCGCCATCGATGCTCTCTGCTCTTGTTCCATCGCGGTTAATCCGCGCAGTGAGGAGTGGCAGCATCAGCAGTC
EDAREKARSGSP SNLSALVPSRLIRAVRSGS T SSQ-

3301 AGACCAACCCTGTGCCCTCGTCGATGCGGAGTTCGGTTACACCGCATTCGCCCGAGATGAAAGGGATCATCGGGTCGCTGCCGTCACCAGTGTCTTCGTT
TNPVPSSHKHRSSVYTPHSPEMNKSGI! | GSLPSPVSSF:

3401 TGAGAGCGGTGCGGATGTGGTGCGTCGGATGTCCATTCCCTCGCCTCCACCGTTGGAGGGGCTGCTCCAGACGGATGAGCAGGTGGCTCAGGCATCGAGE
ES GADVVRRMS I PSPPPLEGSGLLAQTDEEVAQLASS

3501 AAGGCGCTGGCGETTCAGGGATCGGACACAGCAGATTTGAGCAGAGAGAGCAGTGTTCAGGCCAAGAGTGATGTGATGGACGACCTTGTGGCGGTCAAGG
K AL ALQGGSDTADTLSRESSVQAKSDVNMENDDLVAVKE:

3601 AGGAAGAGGAGGACGAGACCGATCAGCAGCGGTTGCTGGATGCAGCGTATGTGGATGAGTATGTGGATGAGGAGGATGAGGAGGGATATGATGGATATGA
EEEDETODGQQRLLDAAYVDEYVDEEDEETGYDGYD:

3701 CGAGCAGGGTGAGGATGAGATGGACGAGGAGGAT GAGGAGGACGAGTATCTGGATGAGATTGAGGAGACTCTGGAGGAGCCGTTCCTGTAGACGCLTTTT
£ Q G EDEMDEEDEEDEYLDEIEETLETETPFIL

3801 ATAATTTTTGTAAAAGTTCCCTTGTTCTAAAAAAAAAAAAAAAAAA
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Figure 5-1
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Figure 5-2
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Figure 6-1
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Figure 6-2
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Figure 6-3
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Figure 7
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1
PHOSPHATIDIC ACID PHOSPHATASE GENE
AND USE THEREOF

TECHNICAL FIELD

The present invention relates to a novel phosphatidic acid
phosphatase gene and use thereof.

BACKGROUND ART

Fatty acids containing two or more unsaturated bonds are
collectively referred to as polyunsaturated fatty acids (PU-
FAs) and are known to include arachidonic acid, dihomo-
y-linolenic acid, eicosapentaenoic acid, docosahexaenoic
acid, etc. Some of these polyunsaturated fatty acids cannot
be synthesized in the animal body, and such polyunsaturated
fatty acids need to be ingested from foods as essential fatty
acids. The polyunsaturated fatty acids are widely distributed.
For example, arachidonic acid is isolated from lipids
extracted from suprarenal gland and liver of animals. How-
ever, the amounts of these polyunsaturated fatty acids con-
tained in animal organs are small, and the polyunsaturated
fatty acids extracted and isolated from animal organs only
are insufficient for a large amount of supply thereof. Thus,
microbial techniques have been developed for obtaining
polyunsaturated fatty acids by culturing various microor-
ganisms. In particular, microorganisms in the genera Mor-
tierella are known to produce lipids containing polyunsatu-
rated fatty acids such as arachidonic acid.

Other attempts have also been made to produce polyun-
saturated fatty acids in plants. Polyunsaturated fatty acids
are known to constitute reserve lipids such as triacylglycerol
(also referred to as triglyceride or TG) and accumulate
within microorganism cells or plant seeds.

Triacylglycerol as a reserve lipid is generated in the body
as follows: An acyl group is introduced into glycerol-3-
phosphate by glycerol-3-phosphate acyltransferase to gen-
erate lysophosphatidic acid. An acyl group is introduced into
the lysophosphatidic acid by lysophosphate acyltransferase
to generate phosphatidic acid. The phosphatidic acid is
dephosphorylated by phosphatidic acid phosphatase to gen-
erate diacylglycerol. An acyl group is introduced into the
diacylglycerol by diacylglycerol acyltransferase to generate
triacylglycerol.

In this pathway, phosphatidic acid (hereinafter, also
referred to as “PA” or 1,2-diacyl-sn-glycerol-3-phosphate) is
a precursor of triacylglycerol and is also a biosynthetic
precursor of diacyl glycerophospholipid. In yeast cells, CDP
diacylglycerol (CDP-DG) is synthesized from PA and cyti-
dine 5'-triphosphate (CTP), by phosphatidate cytidyltrans-
ferase, and is biosynthesized into various phospholipids.

As described above, the reaction of biosynthesizing dia-
cylglycerol (hereinafter, also referred to as “DG”) through
dephosphorylation of PA is known to be catalyzed by
phosphatidic acid phosphatase (E.C. 3.1.3.4, hereinafter,
also referred to as “PAP”). This PAP is known to be present
in all organisms from bacteria to vertebrates.

Yeast (Saccharomyces cerevisiae), which is a fungus, has
two types of PAPs (Non-Patent Literatures 1, 2, and 7). One
is a Mg**-dependent PAP (PAP1), and the other is a Mg>*-
independent PAP (PAP2). A PAH1 gene is known as a gene
encoding PAP1 (Non-Patent Literatures 3 to 5). A pahlA
variant also shows a PAP1 activity, which suggests there are
other genes exhibiting the PAP1 activity. In the pahlA
variant, the nuclear membrane and the ER membrane are
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2

abnormally dilated, and expression of important genes for
biosynthesis of phospholipids is abnormally enhanced (Non-
Patent Literature 6).

As genes encoding PAP2, a DPP1 gene and a LPP1 gene
are known and exhibit most PAP2 activities in yeast. The
enzymes encoded by these genes have broad substrate
specificity and act also on, for example, diacylglycerol
pyrophosphate (DGPP), lysophosphatidic acid, sphingoid
base phosphate, and isoprenoid phosphate to dephosphory-
late them.

A lipid-producing fungus, Mortierella alpina, is known to
have a MaPAP1 gene, which is a Mg**-independent PAP2
homolog (Patent Literature 1).

Existance of gene homologs that probably encode PAP1
family enzymes or PAP2 family enzymes in other bacteria is
known in the art, but their functions have not been eluci-
dated.

CITATION LIST
Patent Literature

Patent Literature 1: International Publication No. WO2009/
008466

Non-Patent Literature

Non-Patent Literature 1: Biochem. Biophys. Acta, 1348,
45-55, 1997

Non-Patent Literature 2: Trends Biochem. Sci., 31(12),
694-699, 2006

Non-Patent Literature 3: EMBO 1., 24, 1931-1941, 2005

Non-Patent Literature 4: J. Biol. Chem., 281(14), 9210-
9218, 2006

Non-Patent Literature 5: J. Biol. Chem., 281(45), 34537-
34548, 2006

Non-Patent Literature 6: J. Biol. Chem., 282(51), 37026-
37035, 2007

Non-Patent Literature 7: J. Biol. Chem., 284(5), 2593-2597,
2009

SUMMARY OF INVENTION
Technical Problem

Most of the PAP genes previously reported, however,
have not been investigated for that these genes introduced
into host cells and expressed therein can vary the proportion
of fatty acids in the fatty acid composition produced by the
host cells. There is a demand for identification of a novel
gene that can produce fat having an intended composition of
fatty acids or an increase in content of an intended fatty acid
by introducing the gene into a host cell or expressing the
gene.

It is an object of the present invention to provide a protein
or a nucleic acid that allows host cells to produce fat having
an intended composition of fatty acids or an increase in
content of an intended fatty acid by expressing the protein in
the host cells or introducing the nucleic acid into the host
cells.

Solution to Problem

The present inventors have diligently studied to solve the
above-mentioned problems. That is, the inventors have
analyzed the genome of lipid-producing fungus, Mortierella
alpina, and extracted sequences having homology to known
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Mg>*-dependent phosphatidic acid phosphatase (PAPI)
genes from the genome. Further, cloning of the full-length
c¢DNA through ¢cDNA library screening or PCR were con-
ducted to obtain the entire open reading frame (ORF)
encoding PAP, and the gene were introduced into host cells
having high proliferative ability, such as yeast. As a result,
the inventors have found that the protein encoded by the
cloned ¢cDNA has a phosphatidic acid phosphatase activity
and that introduction of the ¢cDNA to yeast enhances the
production of reserve lipids, triacylglycerol, in the yeast.
Thus, cloning of a gene related to a novel phosphatidic acid
phosphatase (PAP) has been successfully achieved, and the
present invention has been accomplished. That is, the pres-
ent invention is as follows.

(1) Anucleic acid according to any one of (a) to (g) below:

(a) a nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having deletion, substitution, or addition of one or more
amino acids in the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 and has a phosphatidic acid
phosphatase activity;

(b) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6 under stringent
conditions and encodes a protein having a phosphatidic acid
phosphatase activity;

(c) anucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 70%
or more with the nucleotide sequence set forth in SEQ ID
NO: 1 or SEQ ID NO: 6 and encodes a protein having a
phosphatidic acid phosphatase activity;

(d) a nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having an identity of 70% or more with the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7 and
has a phosphatidic acid phosphatase activity;

(e) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to a nucleotide sequence encoding
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7 under stringent conditions
and encodes a protein having a phosphatidic acid phos-
phatase activity;

(f) a nucleic acid comprising a nucleotide sequence that is
hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10 under stringent
conditions and includes an exon encoding a protein having
a phosphatidic acid phosphatase activity; and

(g) a nucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 70%
or more with the nucleotide sequence set forth in SEQ ID
NO: 5 or SEQ ID NO: 10 and includes an exon encoding a
protein having a phosphatidic acid phosphatase activity.

(2) The nucleic acid according to aspect (1), wherein the
nucleic acid is any one of (a) to (g) below:

(a) a nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having deletion, substitution, or addition of 1 to 130 amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7 and has a phosphatidic acid phosphatase
activity;

(b) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6 under conditions
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of 2xSSC at 50° C. and encodes a protein having a phos-
phatidic acid phosphatase activity;

(¢) anucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 90%
or more with the nucleotide sequence set forth in SEQ ID
NO: 1 or SEQ ID NO: 6 and encodes a protein having a
phosphatidic acid phosphatase activity;

(d) a nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having an identity of 90% or more with the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7 and
has a phosphatidic acid phosphatase activity;

(e) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to a nucleotide sequence encoding
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7 under conditions of 2xSSC
at 50° C. and encodes a protein having a phosphatidic acid
phosphatase activity;

() a nucleic acid comprising a nucleotide sequence that is
hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10 under conditions
0ot 2xSSC at 50° C. and includes an exon encoding a protein
having a phosphatidic acid phosphatase activity; and

(g) anucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 90%
or more with the nucleotide sequence set forth in SEQ ID
NO: 5 or SEQ ID NO: 10 and includes an exon encoding a
protein having a phosphatidic acid phosphatase activity.

(3) Anucleic acid according to any one of (a) to (d) below:

(a) a nucleic acid comprising the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6 or a fragment
thereof;

(b) a nucleic acid comprising a nucleotide sequence
encoding a protein consisting of the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 or a fragment
thereof;

(c) a nucleic acid comprising the nucleotide sequence set
forth in SEQ ID NO: 4 or SEQ ID NO: 9 or a fragment
thereof; and

(d) a nucleic acid comprising the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10 or a fragment
thereof.

(4) Anucleic acid according to any one of (a) to (g) below:

(a) a nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having deletion, substitution, or addition of one or more
amino acids in the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 and has an activity that enhances
generation of diacylglycerol (DG) and/or triglyceride (TG)
from phosphatidic acid (PA) in a PAHIl-deficient yeast
strain;

(b) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6 under stringent
conditions and encodes a protein having an activity that
enhances generation of DG and/or TG from PA in a PAHI1-
deficient yeast strain;

(¢) anucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 70%
or more with the nucleotide sequence set forth in SEQ ID
NO: 1 or SEQ ID NO: 6 and encodes a protein having an
activity that enhances generation of DG and/or TG from PA
in a PAH1-deficient yeast strain;
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(d) a nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having an identity of 70% or more with the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7 and
has an activity that enhances generation of DG and/or TG
from PA in a PAH1-deficient yeast strain;

(e) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to a nucleotide sequence encoding
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7 under stringent conditions
and encodes a protein having an activity that enhances
generation of DG and/or TG from PA in a PAH1-deficient
yeast strain;

(f) a nucleic acid comprising a nucleotide sequence that is
hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10 under stringent
conditions and includes an exon encoding a protein having
an activity that enhances generation of DG and/or TG from
PA in a PAH1-deficient yeast strain; and

(g) a nucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 70%
or more with the nucleotide sequence set forth in SEQ ID
NO: 5 or SEQ ID NO: 10 and includes an exon encoding a
protein having an activity that enhances generation of DG
and/or TG from PA in a PAH1-deficient yeast strain.

(5) The nucleic acid according to aspect (4), wherein the
nucleic acid is any one of (a) to (g) below:

(a) a nucleic acid comprising a nucleotide sequence that
encoding a protein that consists of an amino acid sequence
having deletion, substitution, or addition of 1 to 130 amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7 and has an activity that enhances
generation of diacylglycerol (DG) and/or triglyceride (TG)
from phosphatidic acid (PA) in a PAHIl-deficient yeast
strain;

(b) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6 under conditions
0ot 2xSSC at 50° C. and encodes a protein having an activity
that enhances generation of DG and/or TG from PA in a
PAH1-deficient yeast strain;

(c) anucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 90%
or more with the nucleotide sequence set forth in SEQ ID
NO: 1 or SEQ ID NO: 6 and encodes a protein having an
activity that enhances generation of DG and/or TG from PA
in a PAH1-deficient yeast strain;

(d) a nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having an identity of 90% or more with the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7 and
has an activity that enhances generation of DG and/or TG
from PA in a PAH1-deficient yeast strain;

(e) a nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to a nucleotide sequence encoding
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7 under conditions of 2xSSC
at 50° C. and encodes a protein having an activity that
enhances generation of DG and/or TG from PA in a PAH1-
deficient yeast strain;

(f) a nucleic acid comprising a nucleotide sequence that is
hybridizable with a nucleic acid comprising a nucleotide
sequence complementary to the nucleotide sequence set
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6
forth in SEQ ID NO: 5 or SEQ ID NO: 10 under conditions
0ot 2xSSC at 50° C. and includes an exon encoding a protein
having an activity that enhances generation of DG and/or TG
from PA in a PAH1-deficient yeast strain; and

(g) anucleic acid comprising a nucleotide sequence which
consists of a nucleotide sequence having an identity of 90%
or more with the nucleotide sequence set forth in SEQ ID
NO: 5 or SEQ ID NO: 10 and includes an exon encoding a
protein having an activity that enhances generation of DG
and/or TG from PA in a PAH1-deficient yeast strain.

(6) A protein according to (a) or (b) below:

(a) a protein consisting of an amino acid sequence having
deletion, substitution, or addition of one or more amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7 and having a phosphatidic acid phos-
phatase activity; and

(b) a protein consisting of an amino acid sequence having
an identity of 70% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 and having a
phosphatidic acid phosphatase activity.

(7) A protein according to (a) or (b) below:

(a) a protein consisting of an amino acid sequence having
deletion, substitution, or addition of 1 to 130 amino acids in
the amino acid sequence set forth in SEQ ID NO: 2 or SEQ
ID NO: 7 and having a phosphatidic acid phosphatase
activity; and

(b) a protein consisting of an amino acid sequence having
an identity of 90% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 and having a
phosphatidic acid phosphatase activity.

(8) A protein according to (a) or (b) below:

(a) a protein consisting of an amino acid sequence having
deletion, substitution, or addition of one or more amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7 and having an activity that enhances
generation of diacylglycerol (DG) and/or triglyceride (TG)
from phosphatidic acid (PA) in a PAHIl-deficient yeast
strain; and

(b) a protein consisting of an amino acid sequence having
an identity of 70% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 and having an
activity that enhances generation of DG and/or TG from PA
in a PAH1-deficient yeast strain.

(9) A protein according to (a) or (b) below:

(a) a protein consisting of an amino acid sequence having
deletion, substitution, or addition of 1 to 130 amino acids in
the amino acid sequence set forth in SEQ ID NO: 2 or SEQ
ID NO: 7 and having an activity that enhances generation of
diacylglycerol (DG) and/or triglyceride (TG) from phospha-
tidic acid (PA) in a PAH1-deficient yeast strain; and

(b) a protein consisting of an amino acid sequence having
an identity of 90% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 and having an
activity that enhances generation of DG and/or TG from PA
in a PAH1-deficient yeast strain.

(10) A protein consisting of the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7.

(11) A recombinant vector comprising a nucleic acid
according to any one of aspects (1) to (5).

(12) A transformant transformed with the recombinant
vector according to aspect (11).

(13) A fatty acid composition comprising a fatty acid or a
lipid obtained by culturing the transformant according to
aspect (12).
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(14) A method for producing a fatty acid composition,
chyaracterized by collecting a fatty acid or a lipid from a
culture obtained by culturing the transformant according to
aspect (12).

(15) A food comprising the fatty acid composition accord-
ing to aspect (13).

Advantageous Effects of Invention

The PAP of the present invention can enhance the ability
of producing fatty acids and reserve lipids in cells to which
PAP has been introduced, and preferably can enhance the
productivity of polyunsaturated fatty acids in microorgan-
isms or plants.

The PAP of the present invention is expected to produce
fatty acids in a host cell, the fatty acids having a composition
different from that of fatty acids produced in a host cell to
which PAP is not introduced. This can provide lipids having
intended characteristics and effects and is therefore useful in
application to, for example, foods, cosmetics, pharmaceuti-
cals, and soap.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1-1 shows a comparison between a genomic
sequence (SEQ ID NO: 5) and an ORF (SEQ ID NO: 1) of
a MaPAHI1.1 derived from M. alpina strain 1S-4.

FIG. 1-2 is the continuation of FIG. 1-1.

FIG. 1-3 is the continuation of FIG. 1-2.

FIG. 1-4 is the continuation of FIG. 1-3.

FIG. 2-1 shows a comparison between genomic sequence
(SEQ ID NO: 10) and an ORF (SEQ ID NO: 6) of a
MaPAH1.2 derived from M. alpina strain 1S-4.

FIG. 2-2 is a continuation of FIG. 2-1.

FIG. 2-3 is a continuation of FIG. 2-2.

FIG. 2-4 is a continuation of FIG. 2-3.

FIG. 3-1 shows the cDNA (SEQ ID NO: 4) of MaPAH1.1
derived from M. alpina strain 1S-4 and an amino acid
sequence (SEQ ID NO: 2) deduced therefrom.

FIG. 3-2 is a continuation of FIG. 3-1.

FIG. 3-3 is a continuation of FIG. 3-2.
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the N-terminal region is well conserved and is referred to as
lipin, N-terminal conserved region (pfam04571). Also in
MaPAH1.1 and MaPAH1.2, the N-terminal region is well
conserved. In this sequence, the glycine residue indicated by
* (corresponding to the 80th amino acid of SEQ ID NO: 2
and the 80th amino acid of SEQ ID NO: 7) is known to be
essential for PAP activity. The sequence indicated by a
double underline (corresponding to the 819th to 823rd
amino acids of SEQ ID NO: 2 and 737th to 741st amino
acids of SEQ ID NO: 7) is a DXDX(T/V) motif present in
a haloacid dehalogenase (HAD)-like domain. This motif is
also conserved in MaPAHI.1 and MaPAH1.2. The
sequences upstream and downstream of the motif are also
conserved.

FIG. 5-2 is a continuation of FIG. 5-1.

FIG. 6-1 shows a comparison of a CDS sequence (SEQ ID
NO: 3) of MaPAH1.1 and a CDS sequence (SEQ ID NO: 8)
of MaPAH1.2 derived from M. alpina strain 1S-4.

FIG. 6-2 is a continuation of FIG. 6-1.

FIG. 6-3 is a continuation of FIG. 6-2.

FIG. 7 shows a comparison of a deduced amino acid
sequence (SEQ ID NO: 2) of MaPAH1.1 with a deduced
amino acid sequence (SEQ ID NO: 7) of MaPAH1.2 derived
from M. alpina strain 1S-4.

DESCRIPTION OF EMBODIMENTS

The present invention relates to a novel phosphatidic acid
phosphatase gene derived from genus Mortierella, wherein
the phosphatidic acid phosphatase dephosphorylates phos-
phatidic acid to generate diacylglycerol.

The phosphatidic acid phosphatase of the present inven-
tion is an enzyme that catalyzes a reaction of generating
diacylglycerol by dephosphorylation of phosphatidic acid.
The substrate of PAP of the present invention is usually
phosphatidic acid, but is not limited thereto.

Nucleic Acid Encoding Phosphatidic Acid Phosphatase of
the Present Invention

Phosphatidic acid phosphatase (PAP) of the present
invention encompasses MaPAH1.1 and MaPAH1.2. The
correspondences between cDNA, CDS, and ORF encoding
MaPAH1.1 and MaPAH1 .2, as well as a deduced amino acid
sequence are summarized in Table 1.

TABLE 1

MaPAH]1.1 MaPAH1.2

Corresponding region Corresponding region

SEQ ID NO in SEQ ID NO: 4 SEQ ID NO in SEQ ID NO: 9
cDNA SEQ ID NO: 4 *®##x SEQ ID NO: 9 *###x
CDS SEQ ID NO: 3 Positions 1 to 3985 SEQ ID NO: 8 Positions 72 to 3791
ORF SEQ ID NO: 1 Positions 1 to 3982 SEQ ID NO: 6 Positions 72 to 3788
Amino acid SEQ ID NO: 2 ##kkx SEQ ID NO: 7 wxswx
sequernce
55

FIG. 4-1 shows the cDNA (SEQ ID NO: 9) of MaPAH1.2
derived from M. alpina strain 1S-4 and an amino acid
sequence (SEQ ID NO: 7) deduced therefrom.

FIG. 4-2 is a continuation of FIG. 4-1.

FIG. 5-1 shows a comparison of a deduced amino acid
sequence (SEQ ID NO: 2) of MaPAHI1.1 and a deduced
amino acid sequence (SEQ ID NO: 7) of MaPAH1.2 derived
from M. alpina strain 1S-4 with phosphatidic acid phos-
phatases of a PAP1 family, a ScPAH1 protein (SEQ ID NO:
19) derived from yeast, Saccharomyces cerevisiae, and lipin
amino acid sequence (SEQ ID NO: 20) derived from a
mouse. In phosphatidic acid phosphatases of a PAP1 family,

60

65

Sequences related to MaPAH1.1 of the present invention
include SEQ ID NO: 2, which is the amino acid sequence of
MaPAH1.1; SEQ ID NO: 1, which shows the sequence of
the ORF region of MaPAH1.1; SEQ ID NO: 3, which shows
the sequence of the CDS region of MaPAH1.1; and SEQ ID
NO: 4, which is the nucleotide sequence of cDNA for
MaPAH1.1. Among them, SEQ ID NO: 3 corresponds to the
nucleotides 1 to 3985 of SEQ ID NO: 4, while SEQ ID NO:
1 corresponds to the nucleotides 1 to 3982 of SEQ ID NO:
4 and the nucleotides 1 to 3982 of SEQ ID NO: 3. SEQ ID
NO: 5 is a genomic nucleotide sequence encoding
MaPAH1.1 of the present invention. The genomic sequence
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of SEQ ID NO: 5 is composed of eleven exons and ten
introns. In SEQ ID NO: 5, the exon regions correspond to
the nucleotides 1 to 182, 370 to 584, 690 to 1435, 1536 to
1856, 1946 to 2192, 2292 to 2403, 2490 to 2763, 2847 to
3077, 3166 to 3555, 3648 to 3862, and 3981 to 5034.

Sequences related to MaPAH1.2 of the present invention
include SEQ ID NO: 7, which is the amino acid sequence of
MaPAH1.2; SEQ ID NO: 6, which shows the sequence of
the ORF region of MaPAH1.2; SEQ ID NO: 8, which shows
the sequence of the CDS region of MaPAH1.2; and SEQ ID
NO: 9, which is the nucleotide sequence of cDNA for
MaPAH1.2. Among them, SEQ ID NO: 8 corresponds to the
nucleotides 72-3791 of SEQ ID NO: 9, while SEQ ID NO:
6 corresponds to the nucleotides 72 to 3788 of SEQ ID NO:
9 and the nucleotides 1 to 3717 of SEQ ID NO: 8. SEQ ID
NO: 10 is a genomic nucleotide sequence encoding
MaPAH1.2 of the present invention. The genomic sequence
of SEQ ID NO: 10 consists of eight exons and seven introns.
In SEQ ID NO: 10, the exon regions correspond to the
nucleotides 1 to 454, 674 to 1006, 1145 to 1390, 1479 to
1583, 1662 to 1804, 1905 to 2143, 2243 to 3409, and 3520
to 4552.

The nucleic acids of the present invention encompass
single-stranded and double-stranded DNAs and also
complementary RNAs thereof, which may be either natu-
rally occurring or artificially prepared. Examples of DNA
include, but not limited to, genomic DNAs, cDNAs corre-
sponding to the genomic DNAs, chemically synthesized
DNAs, PCR-amplified DNAs, combinations thereof, and
DNA/RNA hybrids.

Preferred embodiments for the nucleic acids of the present
invention include (a) nucleic acids comprising the nucleo-
tide sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 6,
(b) nucleic acids comprising a nucleotide sequence encoding
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7, (¢) nucleic acids
comprising the nucleotide sequence set forth in SEQ ID NO:
4 or SEQ ID NO: 9, and (d) nucleic acids comprising the
nucleotide sequence set forth in SEQ ID NO: 5 or SEQ ID
NO: 10.

In order to obtain these nucleotide sequences, nucleotide
sequence data of ESTs or genomic DNAs from organisms
having PAP activity may be used to search a nucleotide
sequence encoding a protein having a high identity with
known proteins having PAP activity. Preferred organisms
having PAP activity are lipid-producing fungi including, but
not limited to, M. alpina.

For EST analysis, a cDNA library is first prepared. The
c¢DNA library may be prepared by referring to “Molecular
Cloning, A Laboratory Manual 3rd ed.” (Cold Spring Harbor
Press (2001)). Alternatively, a commercially available
c¢DNA library preparation kit may be used. Examples of a
method of preparing a cDNA library suitable for the present
invention are as follows. That is, an appropriate strain of M.
alpina, alipid-producing fungus, is inoculated into an appro-
priate medium and pre-cultured for an appropriate period.
Culture conditions suitable for this pre-culture are, for
example, a medium composition of 1.8% glucose, 1% yeast
extract, and pH 6.0, a culture period of 3 to 4 days, and a
culture temperature of 28° C. The pre-cultured product is
then subjected to main culture under appropriate conditions.
A medium composition suitable for the main culture is, for
example, 1.8% glucose, 1% soybean powder, 0.1% olive oil,
0.01% Adekanol, 0.3% KH,PO,, 0.1% Na,SO,, 0.05%
CaCl,.2H,0, and 0.05% MgCl,.6H,0, and pH 6.0. Culture
conditions suitable for the main culture are, for example,
aeration and agitation culture at 300 rpm, 1 vvm, and 26° C.
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for 8 days. An appropriate amount of glucose may be added
during culture. The cultured product is sampled at appro-
priate time points during the main culture, from which the
cells are collected to prepare total RNA. The total RNA may
be prepared by any known method such as a guanidine
hydrochloride/CsCl method. From the resulting total RNA,
poly(A)* RNA can be purified using a commercially avail-
able kit, and a cDNA library can be prepared using a
commercially available kit. The nucleotide sequence of any
clone from the prepared cDNA library is determined using
primers that are designed on a vector to allow determination
of'the nucleotide sequence of an insert. As a result, ESTs can
be obtained. For example, when a ZAP-cDNA GigapackIIl
Gold Cloning Kit (Stratagene Inc.) is used for preparing a
c¢DNA library, directional cloning is possible.

In analysis of genomic DNA, cells of an organism having
PAP activity are cultured, and genomic DNA is prepared
from the cells. The nucleotide sequence of the resulting
genomic DNA is determined, and the determined nucleotide
sequence is assembled. From the finally obtained supercon-
tig sequence, a sequence encoding an amino acid sequence
having a high homology to the amino acid sequence of a
known protein having PAP activity is searched. From the
supercontig sequence giving a hit as that encoding such an
amino acid sequence, primers are prepared. PCR is per-
formed using the cDNA library as a template, and the
resulting DNA fragment is inserted into a plasmid for
cloning. PCR is performed using the cloned plasmid as a
template and the above-mentioned primers to prepare a
probe. The cDNA library is screened using the resulting
probe.

A homology search of deduced amino acid sequences of
MaPAH1.1 and MaPAH1.2 of the present invention was
performed against amino acid sequences registered in Gen-
Bank with BLASTp program. These deduced amino acid
sequences of MaPAH1.1 and MaPAH1.2 give a hit with
nuclear elongation and deformation protein 1 putative pro-
tein (AAW42851) derived from Cryptococcus neoformans
var. neoformans JEC21 with the highest scores, and the
identities are 25.9% and 26.6%, respectively. The deduced
amino acid sequences of MaPAH1.1 and MaPAH1.2 of the
present invention have identities of 22.7% and 22.5%,
respectively, with the amino acid sequence of S. cerevisiae-
derived PAH1 protein (throughout the specification, also
referred to as PAH1 of yeast or ScPAH1), which has been
functionally analyzed, among PAP1 homologs of fungi.

The present invention also encompasses nucleic acids
functionally equivalent to a nucleic acid including the
nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID
NO: 6 (hereinafter also referred to as “the nucleotide
sequence of the present invention”) or a nucleotide sequence
encoding a protein consisting of the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 (hereinafter also
referred to as “the amino acid sequence of the present
invention”). The term “functionally equivalent” refers to
that a protein encoded by the nucleotide sequence of the
present invention and a protein consisting of the amino acid
sequence of the present invention have a phosphatidic acid
phosphatase (PAP) activity. In addition, the term “function-
ally equivalent” includes the activity that enhances genera-
tion of diacylglycerol (DG) and/or triglyceride (TG) from
phosphatidic acid (PA) in a PAHI1-deficient yeast strain
when a protein encoded by the nucleotide sequence of the
present invention or a protein consisting of the amino acid
sequence of the present invention is expressed. The PAP
activity of the protein of the present invention and the
activity that enhances generation of DG and/or TG from PA
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in a PAHI-deficient yeast strain may be Mg>*-dependent or
Mg**-independent. The activity of the protein of the present
invention is preferably Mg”*-dependent.

Such nucleic acids that are functionally equivalent to the
nucleic acids of the present invention include nucleic acids
comprising nucleotide sequences shown in any one of (a) to
(g) below. It should be noted that in the descriptions of the
nucleotide sequences listed below, the term “the activity of
the present invention” refers to “the PAP activity and/or the
activity that enhances generation of DG and/or TG from PA
in a PAH1-deficient yeast strain”.

(a) A nucleic acid comprising a nucleotide sequence
encoding a protein that consists of an amino acid sequence
having deletion, substitution, or addition of one or more
amino acids in the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 and has the activity of the present
invention

The nucleotide sequence contained in the nucleic acid of
the present invention encompasses nucleotide sequences
encoding a protein that consists of an amino acid sequence
having deletion, substitution, or addition of one or more
amino acids in the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 and has the activity of the present
invention.

Specifically, the nucleotide sequence contained in the
nucleic acid of the present invention is a nucleotide
sequence encoding a protein having the above-described
activity of the present invention and consisting of:

(1) an amino acid sequence having deletion of one or more
(preferably one to several (e.g., 1 to 400, 1 to 200, 1 to 130,
11t0100,1to 75,1 to 50, 1 to 30, 1 to 25, 1 to 20, or 1 to
15, more preferably 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1)) amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7;

(i) an amino acid sequence having substitution of one or
more (preferably one to several (e.g., 1 to 400, 1 to 200, 1
to 130, 1 to 100, 1 to 75, 1 to 50, 1 to 30, 1 to 25, 1 to 20,
or 1 to 15, more preferably 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1))
amino acids in the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7;

(iii) an amino acid sequence having addition of one or
more (preferably one to several (e.g., 1 to 400, 1 to 200, 1
to 130, 1 to 100, 1 to 75, 1 to 50, 1 to 30, 1 to 25, 1 to 20,
or 1 to 15, more preferably 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1))
amino acids in the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7; or

(iv) an amino acid sequence in any combination of (i) to
(iii) above.

Among the above, substitution is preferably conservative,
which means replacement of a certain amino acid residue by
another residue having similar physical and chemical char-
acteristics. It may be any substitution that does not substan-
tially alter the structural characteristics of the original
sequence. For example, any substitution is possible as long
as the substituted amino acids do not disrupt the helix of the
original sequence or do not disrupt any other type of
secondary structure characterizing the original sequence.

Conservative substitution is generally introduced by syn-
thesis with a biological system or chemical peptide synthe-
sis, preferably by chemical peptide synthesis. In such a case,
substituents may include an unnatural amino acid residue, a
peptidomimetic, or a reversed or inverted form where an
unsubstituted region is reversed or inverted in the amino
acid sequence.

Unlimited examples of the mutually substitutable amino
acid residues are classified and listed below:
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Group A: leucine, isoleucine, norleucine, valine, norva-
line, alanine, 2-aminobutanoic acid, methionine, O-methyl-
serine, t-butylglycine, t-butylalanine, and cyclohexylala-
nine;

Group B: aspartic acid, glutamic acid, isoaspartic acid,
isoglutamic acid, 2-aminoadipic acid, and 2-aminosuberic
acid;

Group C: asparagine and glutamine;

Group D: lysine, arginine, ornithine, 2,4-diaminobutanoic
acid, and 2,3-diaminopropionic acid;

Group E: proline, 3-hydroxyproline, and 4-hydroxypro-
line;

Group F: serine, threonine, and homoserine; and

Group G: phenylalanine and tyrosine.

In non-conservative substitution, replacement of a mem-
ber of one of the above classes by a member from another
class is possible. In such a case, in order to maintain the
biological function of the protein of the present invention,
the hydropathic indices of amino acids (hydropathic amino
acid indices) (Kyte, et al., J. Mol. Biol, 157: 105-131
(1982)) are preferably considered.

In the case of non-conservative substitution, amino acid
substitutions can be accomplished on the basis of hydrophi-
licity.

Note that in either conservative substitution or non-
conservative substitution, the amino acid residue corre-
sponding to the 80th amino acid in SEQ ID NO: 2 or SEQ
ID NO: 7 is preferably glycine, and the region corresponding
to the 819 to 823 amino acids of SEQ ID NO: 2 or the 737
to 741 amino acids of SEQ ID NO: 7 is preferably DXDX
(T/V) (X is an arbitrary amino acid).

Throughout the specification and drawings, nucleotides,
amino acids, and abbreviations thereof are those according
to the JTUPAC-IUB Commission on Biochemical Nomencla-
ture or those conventionally used in the art, for example, as
described in Immunology—A Synthesis (second edition,
edited by E. S. Golub and D. R. Gren, Sinauver Associates,
Sunderland, Mass. (1991)). Moreover, amino acids which
may have optical isomers are intended to represent their
L-isomers, unless otherwise specified.

Stereoisomers such as D-amino acids of the above-men-
tioned amino acids, unnatural amino acids such as a,a-
disubstituted amino acids, N-alkylamino acids, lactic acid,
and other unconventional amino acids can also be members
constituting the proteins of the present invention.

Note that in the protein notation used throughout the
specification, the left-hand direction is the amino terminal
direction and the right-hand direction is the carboxy terminal
direction, in accordance with standard usage and convention
in the art.

Similarly, in general, unless otherwise specified, the left-
hand end of single-stranded polynucleotide sequences is the
5'-end and the left-hand direction of double-stranded poly-
nucleotide sequences is referred to as the 5'-direction.

Those skilled in the art would be able to design and
prepare appropriate mutants of the proteins described in the
specification by using techniques known in the art. For
example, a region in the protein molecule suitable for
changing the structure without impairing the biological
activity of the protein of the present invention can be
identified by targeting a region which appears to be less
important for the biological activity of the protein. It is also
possible to identify residues or regions conserved between
similar proteins. Moreover, it is also possible to introduce
conservative amino acid substitution into a region that
appears to be important for the biological activity or struc-
ture of the protein of the present invention, without impair-



US 9,453,212 B2

13

ing the biological activity and without adversely affecting
the polypeptide structure of the protein.

In particular, in the amino acid sequences of MaPAH1.1
and MaPAH1.2, an amino acid sequence of about 100 amino
acids at the N-terminal region, which is referred to as lipin,
N-terminal conserved region: pfam04571) in regard of a
Mg**-dependent phosphatidic acid phosphatase (PAP1)
family enzyme, is relatively well conserved. Moreover, the
amino acid sequences of MaPAH1.1 and MaPAH1.2 each
have a “DXDX(T/V) catalytic site motif”, which is a con-
served motif of a haloacid dehalogenase (HAD)-like protein
superfamily enzyme. In FIG. 5, DIDGT sequences (corre-
sponding to the 819 to 823 residues of SEQ ID NO: 2 and
the 737 to 741 residues of SEQ ID NO: 7) indicated with
double underlines correspond to these motifs. The mutants
of the present invention may be any mutant that conserves
the conserved motif and maintains the above-described
activity. It has been reported that a variation in this con-
served motif site in the PAP1 of yeast loses the PAP activity
(J. Biol. Chem., 282 (51): 37026-37035, (2007)).

Those skilled in the art would be able to conduct a
so-called structure-function study which identifies residues
of a peptide that is important for a biological activity or
structure of a protein of the present invention and residues
of a peptide similar to the protein, compares the amino acid
residues between these two peptides, and thereby predicts
which residue in the protein similar to the protein of the
present invention is the amino acid residue corresponding to
the important amino acid residue for the biological activity
or structure. Moreover, it is possible to select a mutant which
maintains the biological activity of the protein of the present
invention by selecting amino acid substituent chemically
similar to the predicted amino acid residue. Likewise, those
skilled in the art would also be able to analyze the three-
dimensional structure and amino acid sequence of this
protein mutant. The analysis results thus obtained can fur-
ther be used to predict the alignment of amino acid residues
involved in the three-dimensional structure of the protein.
Though amino acid residues predicted to be on the protein
surface may be involved in important interaction with other
molecules, those skilled in the art would be able to prepare
a mutant which causes no change in these amino acid
residues predicted to be on the protein surface, on the basis
of analysis results as mentioned above. Moreover, those
skilled in the art would also be able to prepare a mutant
having a single amino acid substitution for any of the amino
acid residues constituting the protein of the present inven-
tion. These mutants may be screened by any known assay to
collect information about the individual mutants, which in
turn allows evaluation of the usefulness of individual amino
acid residues constituting the protein of the present inven-
tion by comparison of the case where a mutant having
substitution of a specific amino acid residue shows a lower
biological activity than that of the protein of the present
invention, the case where such a mutant shows no biological
activity, or where such a mutant produces unsuitable activity
that inhibits the biological activity of the protein of the
present invention. Moreover, those skilled in the art can
readily analyze amino acid substitutions undesirable for
mutants of the protein of the present invention based on
information collected from such routine experiment alone or
in combination with other mutations.

As described above, a protein consisting of an amino acid
sequence having deletion, substitution, or addition of one or
more amino acids in the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7 can be prepared according
to techniques such as site-directed mutagenesis as described
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in, for example, “Molecular Cloning, A Laboratory Manual
3rd ed.” (Cold Spring Harbor Press (2001)); “Current Pro-
tocols in Molecular Biology” (John Wiley & Sons (1987-
1997); Kunkel, (1985), Proc. Natl. Acad. Sci. USA, 82:
488-92; or Kunkel, (1988), Method Enzymol., 85: 2763-6.
Preparation of a mutant with such a mutation including
amino acid deletion, substitution, or addition may be accom-
plished, for example, by known procedures such as a Kunkel
method or a Gapped duplex method using a mutation-
introducing kit based on site-directed mutagenesis such as a
QuikChange™ Site-Directed Mutagenesis Kit (manufac-
tured by Stratagene), a GeneTailor™ Site-Directed Muta-
genesis System (manufactured by Invitrogen), or a TaKaRa
Site-Directed Mutagenesis System (e.g., Mutan-K, Mutan-
Super Express Km; manufactured by Takara Bio Inc.).

Techniques for allowing deletion, substitution, or addition
of one or more amino acids in the amino acid sequence of
a protein while maintaining its activity include, in addition
to site-directed mutagenesis mentioned above, a method of
treating a gene with a mutagen and a method selectively
cleaving a gene and deleting, substituting or adding a
selected nucleotide, and then ligating the gene.

The nucleotide sequence contained in the nucleic acid of
the present invention is preferably a nucleotide sequence
that encodes a protein consisting of an amino acid sequence
having deletion, substitution, or addition of 1 to 130 amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7 and having PAP activity.

The nucleotide sequence contained in the nucleic acid of
the present invention preferably encompasses nucleotide
sequences that encode a protein consisting of an amino acid
sequence having deletion, substitution, or addition of 1 to
130 amino acids in the amino acid sequence set forth in SEQ
ID NO: 2 or SEQ ID NO: 7 and having the activity of the
present invention.

The number and sites of amino acid mutations or modi-
fications in the protein of the present invention are not
limited as long as the PAP activity or the activity that
enhances generation of DG and/or TG from PA in a PAHI1-
deficient yeast strain is maintained.

The PAP activity or the activity that enhances generation
of DG and/or TG from PA in a PAH1-deficient yeast strain
can be measured by a known method, for example, see J.
Biol. Chem., 273, 14331-14338 (1998).

For example, the “PAP activity” of the present invention
may be measured as follows: A crude enzyme solution is
prepared by disrupting transformed cells expressing PAP of
the present invention, centrifugating the lysate, and collect-
ing the supernatant. The resulting crude enzyme solution
may be further subjected to purification of PAP of the
present invention. The crude enzyme solution containing
PAP of the present invention or purified PAP of the present
invention is added to a reaction solution containing 0.5 mM
phosphatidic acid, 10 mM 2-mercaptoethanol, and 50 mM
Tris-HCI (pH 7.5), followed by reaction at 25° C. to 28° C.
for an appropriate time. The reaction is terminated by
addition of a mixture of chloroform and methanol, and lipids
are extracted. The resulting lipids are fractionated by thin
layer chromatography to measure the amount of generated
diacylglycerol.

The “activity that enhances generation of DG and/or TG
from PA in a PAH1-deficient yeast strain” may be measured
by, for example, as follows: A PAH1-deficient yeast strain is
prepared by disrupting the ScPAH1 gene of yeast (S. cer-
evisiae). The PAH1-deficient yeast strain as a host cell is
transformed using a vector containing a nucleic acid encod-
ing PAP of the present invention, and the transformed strain
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is cultured. The culture solution is centrifugated to collect
the cells. The cells are washed with water and lyophilized.
Chloroform and methanol are added to the dried cells, and
the cells are disrupted with glass beads to extract lipids. The
extracted lipids are fractionated by thin layer chromatogra-
phy, and the amount of generated DG and/or TG is mea-
sured. The PAH1-deficient yeast strain transformed with a
vector not containing the nucleic acid encoding PAP of the
present invention is used as a control for comparison. If the
amount of generated DG and/or TG is increased in a
PAH1-deficient yeast strain transformed with a vector con-
taining a nucleic acid encoding PAP of the present invention,
the PAP is determined to have “an activity that enhances
generation of DG and/or TG from PA in a PAH1-deficient
yeast strain”.

(b) A nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6 under stringent
conditions and encodes a protein having the activity of the
present invention

The nucleotide sequence contained in the nucleic acid of
the present invention encompasses nucleotide sequences
that are hybridizable with a nucleic acid consisting of a
nucleotide sequence complementary to the nucleotide
sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 6 under
stringent conditions and encode a protein having the activity
of the present invention.

Such a nucleotide sequence can be prepared from, for
example, a cDNA library or a genomic library by a known
hybridization technique such as colony hybridization,
plaque hybridization, or Southern blotting using a probe
produced from an appropriate fragment by a method known
to those skilled in the art.

Detailed procedure of the hybridization can be referred to
“Molecular Cloning, A Laboratory Manual 3rd ed.” (Cold
Spring Harbor Press (2001), in particular, Sections 6 and 7),
“Current Protocols in Molecular Biology” (John Wiley &
Sons (1987-1997), in particular, Sections 6.3 and 6.4), and
“DNA Cloning 1: Core Techniques, A Practical Approach
2nd ed.” (Oxford University (1995), in particular, Section
2.10 for hybridization conditions).

The strength of hybridization conditions is determined
primarily based on hybridization conditions, more prefer-
ably based on hybridization conditions and washing condi-
tions. The term “stringent conditions” used throughout the
specification is intended to include moderately or highly
stringent conditions.

Specifically, examples of the moderately stringent condi-
tions include hybridization conditions of 1xSSC to 6xSSC at
42° C. to 55° C., more preferably 1xSSC to 3xSSC at 45°
C. 10 50° C., and most preferably 2xSSC at 50° C. In the case
of a hybridization solution containing, for example, about
50% formamide, a hybridization temperature of lower than
the temperature mentioned above by 5° C. to 15° C. is
employed. Washing conditions are, for example, 0.5xSSC to
6xSSC at 40° C. to 60° C. To the hybridization solution and
washing solution, 0.05% to 0.2% SDS, preferably about
0.1% SDS, may usually be added.

Highly stringent (high stringent) conditions include
hybridization and/or washing at higher temperature and/or
lower salt concentration, compared to the moderately strin-
gent conditions. Examples of the hybridization conditions
include 0.1xSSC to 2xSSC at 55° C. to 65° C., more
preferably 0.1xSSC to 1xSSC at 60° C. to 65° C., and most
preferably 0.2xSSC at 63° C. Washing conditions are, for
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example, 0.2xSSC to 2xSSC at 50° C. to 68° C., and more
preferably 0.2xSSC at 60° C. to 65° C.

Examples of the hybridization conditions particularly
used in the present invention include, but not limited to,
prehybridization in 5xSSC, 1% SDS, 50 mM Tris-HC1 (pH
7.5) and 50% formamide at 42° C., overnight incubation at
42° C. in the presence of a probe to form hybrids, and
washing in 0.2xSSC, 0.1% SDS at 65° C. for 20 minutes
three times.

It is also possible to use a commercially available hybrid-
ization kit not using radioactive substance as a probe.
Specifically, for example, a DIG nucleic acid detection kit
(Roche Diagnostics) or an ECL direct labeling & detection
system (manufactured by Amersham) is used for hybridiza-
tion.

Preferred examples of the nucleotide sequence falling
within the present invention include nucleotide sequences
that are hybridizable with a nucleic acid consisting of a
nucleotide sequence complementary to the nucleotide
sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 6 under
conditions of 2xSSC at 50° C. and encode a protein having
PAP activity.

(¢) A nucleic acid comprising a nucleotide sequence
which consists of a nucleotide sequence having an identity
of 70% or more with the nucleotide sequence set forth in
SEQ ID NO: 1 or SEQ ID NO: 6 and encodes a protein
having the activity of the present invention

The nucleotide sequence contained in the nucleic acid of
the present invention encompasses nucleotide sequences
which consists of a nucleotide sequence having an identity
of at least 70% with the nucleotide sequence set forth in SEQ
ID NO: 1 or SEQ ID NO: 6 and encode a protein having the
activity of the present invention.

Preferably, for example, a nucleic acid comprises a
nucleotide sequence having an identity of at least 75%, more
preferably 80% or more (e.g., 85% or more, more preferably
90% or more, and most preferably 95%, 98%, or 99% or
more) with the nucleotide sequence set forth in SEQ ID NO:
1 or SEQ ID NO: 6 and encoding a protein having the
activity of the present invention.

The percent identity between two nucleotide sequences
can be determined by visual inspection and mathematical
calculation, but is preferably determined by comparing
sequence information of two nucleic acids using a computer
program. As computer programs for sequence comparison,
for example, the BLASTN program (Altschul et al., (1990),
J. Mol. Biol., 215: 403-10) version 2.2.7, available via the
National Library of Medicine website: www.ncbi.nlm.nih-
.gov/blast/bl2seq/bls.html or the WU-BLAST 2.0 algorithm
can be used. Standard default parameter settings for WU-
BLAST 2.0 are described at the following Internet site:
blast.wustl.edu.

(d) A nucleic acid comprising a nucleotide sequence
encoding an amino acid sequence having an identity of 70%
or more with the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 and encoding a protein having the
activity of the present invention

The nucleotide sequence contained in the nucleic acid of
the present invention encompasses nucleotide sequences
encoding an amino acid sequence having an identity of 70%
or more with the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 and encoding a protein having the
activity of the present invention. The protein encoded by the
nucleic acid of the present invention may be a protein having
an identity with the amino acid sequence of MaPAHI1.1 or
MaPAH1.2 as long as the protein is functionally equivalent
to the protein having the activity of the present invention.
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Specific examples of the protein include amino acid
sequences having an identity of 75% or more, preferably
80% or more, more preferably 85% or more, and most
preferably 90% or more (e.g., 95% or more, furthermore
98% or more) with the amino acid sequence set forth in SEQ
ID NO: 2 or SEQ ID NO: 7.

The nucleotide sequence contained in the nucleic acid of
the present invention is preferably a nucleotide sequence
encoding an amino acid sequence having an identity of 90%
or more with the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 and encoding a protein having the
activity of the present invention. More preferably, a nucleo-
tide sequence encoding an amino acid sequence having an
identity of 95% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 and encoding a
protein having the activity of the present invention.

The percent identity between two amino acid sequences
can be determined by visual inspection and mathematical
calculation or can be determined using a computer program.
Examples of such a computer program include BLAST,
FASTA (Altschul et al., J. Mol. Biol., 215: 403-410, (1990))
and ClustalW. In particular, various conditions (parameters)
for an identity search with the BLAST program are
described by Altschul et al. (Nucl. Acids. Res., 25, pp.
3389-3402, 1997) and publicly available via the website of
the National Center for Biotechnology Information (NCBI)
of USA or the DNA Data Bank of Japan (DDBJ) (BLAST
Manual, Altschul et al., NCB/NLM/NIH Bethesda, Md.
20894; Altschul et al.). It is also possible to use a program
such as genetic information processing software GENETYX
Ver. 7 (Genetyx Corporation), DINASIS Pro (Hitachisoft),
or Vector NTI (Infomax) for determination of the percent
identity.

A specific alignment scheme for aligning a plurality of
amino acid sequences can show matching of sequences also
in a specific short region and can therefore detect a region
having a very high sequence identity in such a short region
even if the full-length sequences have no significant rela-
tionship therebetween. In addition, the BLAST algorithm
can use the BLOSUMG62 amino acid scoring matrix, and the
following separation parameters can be used: (A) inclusion
of filters to mask a segment of a query sequence having low
compositional complexity (as determined by the SEG pro-
gram of Wootton and Federhen (Computers and Chemistry,
1993); also see Wootton and Federhen, 1996, “Analysis of
compositionally biased regions in sequence databases”,
Methods Enzymol., 266: 554-71) or to mask segments
consisting of short-periodicity internal repeats (as deter-
mined by the XNU program of Claverie and States (Com-
puters and Chemistry, 1993), and (B) a statistical signifi-
cance threshold for reporting matches against database
sequences, or the expected probability of matches being
found merely by chance, according to the statistical model
of E-score (Karlin and Altschul, 1990); if the statistical
significance ascribed to a match is greater than this E-score
threshold, the match will not be reported.

(e) A nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to a nucleotide sequence encoding
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7 under stringent conditions
and encodes a protein having the activity of the present
invention

The nucleotide sequence contained in the nucleic acid of
the present invention encompasses nucleotide sequences
that are hybridizable with a nucleic acid consisting of a
nucleotide sequence complementary to a nucleotide
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sequence encoding a protein consisting of the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7 under
stringent conditions and encode a protein having the activity
of the present invention.

The protein consisting of the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 and the hybrid-
ization conditions are as described above. Examples of the
nucleotide sequence contained in the nucleic acid of the
present invention include nucleotide sequences that are
hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to a nucleotide sequence encoding
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7 under stringent conditions
and encode a protein having the activity of the present
invention.

(® A nucleic acid comprising a nucleotide sequence that
is hybridizable with a nucleic acid consisting of a nucleotide
sequence complementary to the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10 under stringent
conditions and includes an exon encoding a protein having
the activity of the present invention

The nucleotide sequences set forth in SEQ ID NO: 5 and
SEQ ID NO: 10 are respectively the genomic DNA
sequences encoding MaPAH1.1 and MaPAH]1.2 of the pres-
ent invention.

The nucleotide sequence contained in the nucleic acid of
the present invention encompasses nucleotide sequences
that are hybridizable with a nucleic acid consisting of a
nucleotide sequence complementary to the nucleotide
sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 10
under stringent conditions and include an exon encoding a
protein having the activity of the present invention.

Such a nucleotide sequence can be prepared by a method
known to those skilled in the art from, for example, a
genomic library by a known hybridization technique such as
colony hybridization, plaque hybridization, or Southern
blotting using a probe produced using an appropriate frag-
ment. The hybridization conditions are as described above.

(g) A nucleic acid comprising a nucleotide sequence
which consists of a nucleotide sequence having an identity
of 70% or more with the nucleotide sequence set forth in
SEQ ID NO: 5 or SEQ ID NO: 10 and includes an exon
encoding a protein having the activity of the present inven-
tion

The nucleotide sequence contained in the nucleic acid of
the present invention encompasses nucleotide sequences
which consists of a nucleotide sequence having an identity
of at least 70% with the nucleotide sequence set forth in SEQ
ID NO: 5 or SEQ ID NO: 10 and encode a protein having
the activity of the present invention. Preferred examples of
the nucleotide sequence include those having an identity of
at least 75%, more preferably 80% or more (e.g., 85% or
more, more preferably 90% or more, and most preferably
95%, 98%, or 99% or more) with the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10 and having an
exon encoding a protein having the activity of the present
invention. The percent identity between two nucleotide
sequences can be determined as described above.

The genomic DNA sequence of SEQ ID NO: 5 is com-
posed of eleven exons and ten introns. In SEQ ID NO: 5, the
exon regions correspond to nucleotides 1 to 182,370 to 584,
690 to 1435, 1536 to 1856, 1946 to 2192, 2292 to 2403,
249010 2763, 2847 t0 3077,3166 to 3555, 3648 to 3862, and
3981 to 5034. The genomic DNA sequence of SEQ ID NO:
10 is composed of eight exons and seven introns. In SEQ ID
NO: 10, the exon regions correspond to nucleotides 1 to 454,
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67410 1006, 1145 to 1390, 1479 to 1583, 1662 to 1804, 1905
to 2143, 2243 to 3409, and 3520 to 4552.

In another embodiment, examples of the nucleotide
sequence contained in the nucleic acid of the present inven-
tion include nucleotide sequences including intron regions
having a nucleotide sequence identity of 100% with the
genomic DNA sequence set forth in SEQ ID NO: 5 or SEQ
ID NO: 10 and exon regions having a nucleotide sequence
identity of at least 70% or more, more preferably 75% or
more, and more preferably 80% or more (e.g., 85% or more,
more preferably 90% or more, and most preferably 95%,
98%, or 99% or more) with the sequence set forth in SEQ
ID NO: 5 or SEQ ID NO: 10, wherein the exon encodes a
protein having the activity of the present invention.

In another embodiment, examples of the nucleotide
sequence contained in the nucleic acid of the present inven-
tion include nucleotide sequences including exon regions
having a nucleotide sequence identity of 100% with the
genomic DNA sequence set forth in SEQ ID NO: 5 or SEQ
ID NO: 10 and intron regions having a nucleotide sequence
identity of at least 70% or more, more preferably 75% or
more, and more preferably 80% or more (e.g., 85% or more,
more preferably 90% or more, and most preferably 95%,
98%, or 99% or more) with the sequence set forth in SEQ
ID NO: 5 or SEQ ID NO: 10, wherein the intron regions can
be eliminated by splicing, and thereby the exon regions are
ligated to encode a protein having the activity of the present
invention.

In another embodiment, examples of the nucleotide
sequence contained in the nucleic acid of the present inven-
tion include nucleotide sequences including intron regions
having a nucleotide sequence identity of at least 70% or
more, more preferably 75% or more, and more preferably
80% or more (e.g., 85% or more, more preferably 90% or
more, and most preferably 95%, 98%, or 99% or more) with
the genomic DNA sequence set forth in SEQ ID NO: 5 or
SEQ ID NO: 10 and exon regions having a nucleotide
sequence identity of at least 70% or more, more preferably
75% or more, and more preferably 80% or more (e.g., 85%
or more, more preferably 90% or more, and most preferably
95% or more, 98% or more, or 99% or more) with the
sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 10,
wherein the intron regions can be eliminated by splicing, and
thereby the exon regions are ligated to encode a protein
having the activity of the present invention.

The percent identity between two nucleotide sequences
can be determined by the method described above.

The nucleic acid of the present invention encompasses
nucleic acids each consisting of a nucleotide sequence
having deletion, substitution, or addition of one or more
nucleotides in the nucleotide sequence set forth in SEQ 1D
NO: 1 or SEQ ID NO: 6 and encoding a protein having the
activity of the present invention. More specifically, a usable
nucleic acid include any one of the following nucleotide
sequences:

(1) a nucleotide sequence having deletion of one or more
(preferably one to several (e.g., 1 to 1200, 1 to 1000, 1 to
750, 1 to 500, 1 to 400, 1 to 300, 1 to 250, 1 to 200, 1 to 150,
110 100, 1 to 50, 1 to 30, 1 to 25, 1 to 20, or 1 to 15, more
preferably, 10, 9, 8,7, 6, 5, 4, 3, 2, or 1)) nucleotides in the
nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID
NO: 6;

(ii) a nucleotide sequence having substitution of one or
more (preferably one to several (e.g., 1 to 1200, 1 to 1000,
1 to 750, 1 to 500, 1 to 400, 1 to 300, 1 to 250, 1 to 200, 1
to 150, 1 to 100, 1 to 50, 1 to 30, 1 to 25, 1 to 20, or 1 to
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15, more preferably, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1))
nucleotides in the nucleotide sequence set forth in SEQ 1D
NO: 1 or SEQ ID NO: 6;

(ii1) a nucleotide sequence having addition of one or more
(preferably one to several (e.g., 1 to 1200, 1 to 1000, 1 to
750, 1 to 500, 1 to 400, 1 to 300, 1 to 250, 1 to 200, 1 to 150,
1t0 100, 1 to 50, 1 to 30, 1 to 25, 1 to 20, or 1 to 15, more
preferably, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1)) nucleotides in the
nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID
NO: 6; or

(iv) a nucleotide sequence with any combination of (i) to
(iii) above, wherein the nucleotide sequence encodes a
protein having the activity of the present invention.

A preferred embodiment of the nucleic acid of the present
invention also encompasses nucleic acids comprising a
fragment of a nucleotide sequence shown in any one of (a)
to (d) below:

(a) the nucleotide sequence set forth in SEQ ID NO: 1 or
SEQ ID NO: 6;

(b) a nucleotide sequence encoding a protein consisting of
the amino acid sequence set forth in SEQ ID NO: 2 or SEQ
ID NO: 7,

(c) the nucleotide sequence set forth in SEQ ID NO: 4 or
SEQ ID NO: 9; and

(d) the nucleotide sequence set forth in SEQ ID NO: 5 or
SEQ ID NO: 10.

(A) the nucleotide sequence set forth in SEQ ID NO: 1 or
SEQ ID NO: 6, (b) the nucleotide sequence encoding a
protein consisting of the amino acid sequence set forth in
SEQ ID NO: 2 or SEQ ID NO: 7, and (c¢) the nucleotide
sequence set forth in SEQ ID NO: 4 or SEQ ID NO: 9 are
as shown in Table 1. The nucleotide sequence set forth in
SEQ ID NO: 5 or SEQ ID NO: 10 is also as described above.
The fragments of these sequences are ORF, CDS, a biologi-
cally active region, a region used as a primer as described
later, and a region which may serve as a probe contained in
these nucleotide sequences, and may be either naturally
occurring or artificially prepared.

The nucleic acid of the present invention encompasses the
following nucleic acids.

(1) Nucleic acids shown in any one of (a) to (g) below:

(a) nucleic acids comprising a nucleotide sequence encod-
ing a protein consisting of an amino acid sequence having
deletion, substitution, or addition of one or more amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7,

(b) nucleic acids hybridizable with a nucleic acid con-
sisting of a nucleotide sequence complementary to the
nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID
NO: 6 under stringent conditions;

(¢) nucleic acids comprising a nucleotide sequence having
an identity of 70% or more with the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6;

(d) nucleic acids comprising a nucleotide sequence encod-
ing a protein consisting of an amino acid sequence having an
identity of 70% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7;

(e) nucleic acids hybridizable with a nucleic acid consist-
ing of a nucleotide sequence complementary to a nucleotide
sequence encoding a protein consisting of the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7 under
stringent conditions;

() nucleic acids hybridizable with a nucleic acid consist-
ing of a nucleotide sequence complementary to the nucleo-
tide sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 10
under stringent conditions; and



US 9,453,212 B2

21

(g) nucleic acids comprising a nucleotide sequence having
an identity of 70% or more with the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10.

(2) Nucleic acids described in (1) above, shown in any
one of (a) to (g) below:

(a) nucleic acids comprising a nucleotide sequence encod-
ing a protein consisting of an amino acid sequence having
deletion, substitution, or addition of 1 to 130 amino acids in
the amino acid sequence set forth in SEQ ID NO: 2 or SEQ
ID NO: 7;

(b) nucleic acids hybridizable with a nucleic acid con-
sisting of a nucleotide sequence complementary to the
nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID
NO: 6 under conditions of 2xSSC at 50° C.;

(c) nucleic acids comprising a nucleotide sequence having
an identity of 90% or more with the nucleotide sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6;

(d) nucleic acids comprising a nucleotide sequence encod-
ing a protein consisting of an amino acid sequence having an
identity of 90% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7;

(e) nucleic acids hybridizable with a nucleic acid consist-
ing of a nucleotide sequence complementary to a nucleotide
sequence encoding a protein consisting of the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7 under
conditions of 2xSSC at 50° C.;

(f) nucleic acids hybridizable with a nucleic acid consist-
ing of a nucleotide sequence complementary to the nucleo-
tide sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 10
under conditions of 2xSSC at 50° C.; and

(g) nucleic acids comprising a nucleotide sequence having
an identity of 90% or more with the nucleotide sequence set
forth in SEQ ID NO: 5 or SEQ ID NO: 10.

Phosphatidic Acid Phosphatase of the Present Invention

The protein of the present invention encompasses a pro-
tein consisting of the amino acid sequence set forth in SEQ
ID NO: 2 or SEQ ID NO: 7 and proteins functionally
equivalent to such a protein. These proteins may be either
naturally occurring or artificially prepared. The protein
consisting of the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7 is as described above. The “proteins
functionally equivalent” refers to proteins having “the activ-
ity of the present invention” described in the “Nucleic acid
encoding phosphatidic acid phosphatase of the present
invention” above.

In the present invention, examples of the proteins func-
tionally equivalent to a protein consisting of the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7
include proteins shown in (a) and (b) below:

(a) proteins comsisting of an amino acid sequence having
deletion, substitution, or addition of one or more amino
acids in the amino acid sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 7 and having the activity of the present
invention; and

(b) proteins consisting of an amino acid sequence having
an identity of 70% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7 and having the
activity of the present invention.

In the above, the amino acid sequence having deletion,
substitution, or addition of one or more amino acids in the
amino acid sequence set forth in SEQ ID NO: 2 or SEQ ID
NO: 7 or the amino acid sequence having an identity of 70%
or more with the amino acid sequence set forth in SEQ ID
NO: 2 are as described in the “Nucleic acid encoding
phosphatidic acid phosphatase of the present invention”
above. The “protein having the activity of the present
invention” encompasses mutants of proteins encoded by a
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nucleic acid containing the nucleotide sequence set forth in
SEQ ID NO: 1 or SEQ ID NO: 6; mutated proteins by many
types of modification such as deletion, substitution, and
addition of one or more amino acids in the amino acid
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 7; those
proteins modified having, for example, modified amino acid
side chains; and those proteins fused with other proteins,
where these proteins have the PAP activity and/or the
activity that enhances generation of diacylglycerol (DG)
and/or triglyceride (TG) from phosphatidic acid (PA) in a
PAH1-deficient yeast strain.

The protein of the present invention may be artificially
prepared. In such a case, the protein can be produced by
chemical synthesis such as a Fmoc method (fluorenylmeth-
yloxycarbonyl method) or a tBoc method (t-butyloxycarbo-
nyl method). In addition, peptide synthesizers available from
Advanced ChemTech, Perkin Elmer, Pharmacia, Protein
Technology Instrument, Synthecell-Vega, PerSeptive, Shi-
madzu Corporation, or other manufacturers may be used for
chemical synthesis.

The protein of the present invention further encompasses
the following proteins:

(1) (a) proteins consisting of an amino acid sequence
having deletion, substitution, or addition of one or more
amino acids in the amino acid sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 7;

(b) proteins consisting of an amino acid sequence having
an identity of 80% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7; and

(2) proteins according to any one of (a) and (b) below:

(a) proteins consisting of an amino acid sequence having
deletion, substitution, or addition of 1 to 200 amino acids in
the amino acid sequence set forth in SEQ ID NO: 2 or SEQ
ID NO: 7; and

(b) proteins consisting of an amino acid sequence having
an identity of 90% or more with the amino acid sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 7.

Cloning of Nucleic Acid of the Present Invention

The PAP nucleic acid of the present invention can be
cloned by, for example, screening from a cDNA library
using an appropriate probe. The cloning can be performed
by PCR amplification using appropriate primers and subse-
quent ligation to an appropriate vector. The cloned nucleic
acid may be further subcloned into another vector.

Commercially available plasmid vectors can be used,
such as pBlue-Script™ SK(+) (Stratagene), pGEM-T (Pro-
mega), pAmp (TM: Gibco-BRL), p-Direct (Clontech), or
pCR2.1-TOPO (Invitrogen). In PCR amplification, primers
may be any regions of, e.g., the nucleotide sequence set forth
in SEQ ID NO: 4. For example, Notl-PAH1-1-F: 5'-GCG-
GCCGCATGCAGTCCGTGGGAAG-3' (SEQ ID NO: 15)
can be used as an upstream primer, and MaPAH1-1-10R:
S-TTCTTGAGTAGCTGCTGTTGTTCG-3' (SEQ ID NO:
16) can be used as a downstream primer. Then, PCR is
performed using cDNA prepared from M. alpina cells with
the primers above, DNA polymerase, and any other sub-
stance. Although this procedure can be readily performed by
those skilled in the art according to, e.g., “Molecular Clon-
ing, A Laboratory Manual 3rd ed.” (Cold Spring Harbor
Press (2001)), PCR conditions in the present invention may
be, for example, as follows:

Denaturation temperature: 90° C. to 95° C.,

Annealing temperature: 40° C. to 60° C.,

Elongation temperature: 60° C. to 75° C., and

Number of cycles: 10 or more cycles.

The resulting PCR product can be purified by a known
method, for example, using a kit such as GENECLEAN kit
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(Funakoshi Co., Ltd.), QIAquick PCR purification (QIA-
GEN), or ExoSAP-IT (GE Healthcare Bio-Sciences)); a
DEAE-cellulose filter; or a dialysis tube. In the case of using
an agarose gel, the PCR product is subjected to agarose gel
electrophoresis, and nucleotide sequence fragments are cut
out from the agarose gel and are purified, for example, with
a GENECLEAN kit (Funakoshi Co., Ltd.) or a QIAquick
Gel extraction kit (QIAGEN) or by a freeze-squeeze
method.

The nucleotide sequence of the cloned nucleic acid can be
determined with a nucleotide sequencer.

Vector Construction for Pap Expression and Preparation
of Transformant

The present invention also provides a recombinant vector
containing a nucleic acid encoding PAP of the present
invention. The present invention further provides a trans-
formant transformed with such a recombinant vector.

The recombinant vector and transformant can be prepared
as follows: A plasmid having a nucleic acid encoding the
PAP of the present invention is digested with a restriction
enzyme. Examples of the restriction enzyme include, but not
limited to, EcoRI, Kpnl, BamHI, and Sall. The end may be
blunted with T4 polymerase. A digested DNA fragment is
purified by agarose gel electrophoresis. This DNA fragment
is incorporated into an expression vector by a known method
in order to prepare a vector for PAP expression. This
expression vector is introduced into a host cell to prepare a
transformant, which is provided for expression of a desired
protein.

In this case, the expression vector and the host may be any
types that allow expression of a desired protein. Examples of
the host include fungi, bacteria, plants, animals, and cells
thereof. Examples of fungi include filamentous fungi such as
lipid-producing M. alpina and yeast strains such as Saccha-
romyces cerevisiae. Examples of bacteria include Escheri-
chia coli and Bacillus subtilis. Further examples of plants
include oil plants such as rapeseed, soybean, cotton, saf-
flower, and flax.

As lipid-producing microorganisms, for example, strains
described in MYCOTAXON, Vol. XLIV, NO. 2, pp. 257-
265 (1992) can be used, and specific examples thereof
include microorganisms belonging to the genus Mortierella
such as microorganisms belonging to subgenus Mortierella,
e.g., Mortierella elongata IFO8570, Mortierella exigua
1IFO8571, Mortierella hygrophila 1FOS5941, Mortierella
alpina TFO8568, ATCC16266, ATCC32221, ATCC42430,
CBS 21935, CBS22437, CBS250.53, CBS343.66,
CBS527.72, CBS528.72, CBS529.72, CBS608.70, and
CBS754.68; and microorganisms belonging to subgenus
Micromucor, e.g., Mortierella isabellina CBS194.28,
IFO6336, IF0O7824, IFO7873, IFO7874, IFO8286,
IFO8308, IFO7884, Mortierella nana IFO8190, Mortierella
ramanniana ITFO5426, IFO8186, CBS112.08, CBS212.72,
IFO7825, IFO8184, IFO8185, TIFO8287, and Mortierella
vinacea CBS236.82. In particular, Mortierella alpina is
preferred.

When a fungus is used as a host, the nucleic acid of the
present invention is preferably self-replicable in the host or
preferably has a structure insertable onto the fungal chro-
mosome. Preferably, the nucleic acid also includes a pro-
moter and a terminator. When M. alpina is used as a host, for
example, pD4, pDuraSC, or pDura5 can be used as the
expression vector. Any promoter that allows expression in
the host can be used, and examples thereof include promot-
ers derived from M. alpina, such as histonH4.1 gene pro-
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moter, GAPDH (glyceraldehyde-3-phosphate dehydroge-
nase) gene promoter, and TEF (translation elongation factor)
gene promoter.

Examples of the method introducing a recombinant vector
into filamentous fungi such as M. alpira include electropo-
ration, a spheroplast method, a particle delivery method, and
direct microinjection of DNA into nuclei. In the case of
using an auxotrophic host strain, the transformed strain can
be obtained by selecting a strain that grows on a selective
medium lacking a certain nutrient(s). Alternatively, in trans-
formation of using a drug resistant-marker gene, a colony of
drug-resistant cells can be obtained by culturing the host
cells in a selective medium containing the drug.

When yeast is used as a host, for example, pYE22m can
be used as the expression vector. Alternatively, commer-
cially available yeast expression vectors such as pYES
(Invitrogen) or pESC(STRATAGENE) may be used.
Examples of the host suitable for the present invention
include, but not limited to, Saccharomyces cerevisiae strain
EH13-15 (trpl, MATa). The promoter that can be used is,
for example, a promoter derived from yeast, such as
GAPDH promoter, gall promoter, or gall0 promoter.

Examples of the method introducing a recombinant vector
into yeast include a lithium acetate method, electroporation,
a spheroplast method, dextran-mediated transfection, cal-
cium phosphate precipitation, polybrene-mediated transfec-
tion, protoplast fusion, encapsulation of polynucleotide(s) in
liposomes, and direct microinjection of DNA into nuclei.

When a bacterium such as E. coli is used as a host, for
example, pGEX or pUC18 available from Pharmacia can be
used as the expression vector. The promoter that can be used
include those derived from, for example, E. coli or phage,
such as trp promoter, lac promoter, PL. promoter, and PR
promoter. Examples of the method of introducing a recom-
binant vector into bacteria include electroporation and cal-
cium chloride methods.

Method of Preparing Fatty Acid Composition of the
Present Invention

The present invention provides a method of preparing a
fatty acid composition from the transformant described
above, i.e., a method of preparing a fatty acid composition
from a cultured product obtained by culturing the transfor-
mant. The fatty acid composition contains an assembly of
one or more fatty acids therein. The fatty acids may be free
fatty acids or may be present in the form of lipids containing
fatty acids such as triglyceride or phospholipid. Specifically,
the fatty acid composition of the present invention can be
prepared by the following method. Alternatively, the fatty
acid composition can also be prepared by any other known
method.

The medium used for culturing an organism expressing
PAP may be any culture solution (medium) that has an
appropriate pH and osmotic pressure and contains bioma-
terials such as nutrients, trace elements, serum, and antibi-
otics necessary for growth of each host. For example, in the
case of expressing PAP by transforming yeast, unlimited
examples of the medium include SC-Trp medium, YPD
medium, and YPD5 medium. The composition of a specific
medium, for example, SC-Trp medium, is as follows: One
liter of the medium includes 6.7 g of yeast nitrogen base w/o
amino acids (DIFCO), 20 g of glucose, and 1.3 g of amino
acid powder (a mixture of 1.25 g of adenine sulfate, 0.6 g of
arginine, 3 g of aspartic acid, 3 g of glutamic acid, 0.6 g of
histidine, 1.8 g of leucine, 0.9 g of lysine, 0.6 g of methio-
nine, 1.5 g of phenylalanine, 11.25 g of serine, 0.9 g of
tyrosine, 4.5 g of valine, 6 g of threonine, and 0.6 g of
uracil).
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Any culture conditions which are suitable for host growth
and adequate for stably maintaining the generated enzyme
may be employed. Specifically, individual conditions
including anaerobic degree, culture period, temperature,
humidity, and static culture or shake culture can be adjusted.
Culture may be accomplished under the same conditions
(one-step culture) or by so-called two-step or three-step
culture using two or more different culture conditions. For
large-scale culture, two- or more-step culture is preferred
because of its high culture efficiency.

In two-step culture using yeast as the host, the fatty acid
composition of the present invention can be prepared as
follows: As pre-culture, a colony of a transformant is inocu-
lated in, for example, the SC-Trp medium and shake-
cultured at 30° C. for two days. Subsequently, 500 ul of the
pre-culture solution as main culture is added to 10 mL of
YPDS5 (2% yeast extract, 1% polypeptone, and 5% glucose)
medium, followed by shake culture at 30° C. for two days.

Fatty Acid Composition of the Present Invention

The present invention also provides a fatty acid compo-
sition as an assembly of one or more fatty acids in cells
expressing PAP of the present invention, preferably, a fatty
acid composition obtained by culturing a transformant
expressing PAP of the present invention. The fatty acids may
be free fatty acids or may be present in the form of lipids
containing fatty acids such as triglyceride or phospholipid.

The fatty acids contained in the fatty acid composition of
the present invention are linear or branched monocarboxylic
acids of long-chain carbohydrates, and examples thereof
include, but not limited to, myristic acid (tetradecanoic acid)
(14:0), myristoleic acid (tetradecenoic acid) (14:1), palmitic
acid (hexadecanoic acid) (16:0), palmitoleic acid (9-hexa-
decenoic acid) (16:1), stearic acid (octadecanoic acid) (18:
0), oleic acid (cis-9-octadecenoic acid) (18:1(9)), vaccenic
acid (11-octadecenoic acid) (18:1(11)), linolic acid (cis,cis-
9,12 octadecadienoic acid) (18:2(9,12)), a-linolenic acid
(9,12,15-octadecatrienoic acid) (18:3(9,12,15)), y-linolenic
acid (6,9,12-octadecatrienoic acid) (18:3(6,9,12)), steari-
donic acid (6,9,12,15-octadecatetraenoic acid) (18:4(6,9,12,
15)), arachidic acid (icosanoic acid) (20:0), (8,11-icosadi-
enoic acid) (20:2(8,11)), mead acid (5,8,11-icosatrienoic
acid) (20:3(5,8,11)), dihomo-y-linolenic acid (8,11,14-
icosatrienoic acid) (20:3(8,11,14)), arachidonic acid (5,8,11,
14-icosatetraenoic acid) (20:4(5,8,11,14)), eicosatetraenoic
acid (8,11,14,17-icosatetraecnoic acid) (20:4(8,11,14,17)),
eicosapentaenoic acid (5,8,11,14,17-icosapentaenoic acid)
(20:5(5,8,11,14,17)), behenic acid (docosanoic acid) (22:0),
(7,10,13,16-docosatetraenoic  acid)  (22:4(7,10,13,16)),
(7,10,13,16,19-docosapentaenoic acid) (22:5(7,10,13,16,
19)), (4,7,10,13,16-docosapentaenoic acid) (22:5(4,7,10,13,
16)), (4,7,10,13,16,19-docosahexaenoic acid) (22:6(4,7,10,
13,16,19)), lignoceric acid (tetracosanoic acid) (24:0),
nervonic acid (cis-15-tetradocosanoic acid) (24:1), and
cerotic acid (hexacosanoic acid) (26:0). Note that the sub-
stance names are common names defined by the ITUPAC
Biochemical Nomenclature, and their systematic names are
given in parentheses along with numerics denoting the
number of carbons and the positions of double bonds.

The fatty acid composition of the present invention may
be composed of any number and any type of fatty acids, as
long as it is a combination of one or more fatty acids selected
from the fatty acids mentioned above.

Food or Other Products Comprising Fatty Acid Compo-
sition of the Present Invention

The present invention also provides a food product com-
prising the fatty acid composition described above. The fatty
acid composition of the present invention can be used for

10

40

45

55

26

production of food products containing fats and oils and
production of industrial raw materials (for example, raw
materials for cosmetics, pharmaceuticals (e.g., external
applications for the skin), and soaps), in usual methods.
Cosmetics (cosmetic compositions) or pharmaceuticals
(pharmaceutical compositions) may be formulated into any
dosage form including, but not limited to, solutions, pastes,
gels, solids, and powders. Examples of the forms of food
products include pharmaceutical formulations such as cap-
sules; natural liquid diets, semi-digested nutritious diets, and
elemental nutritious diets where the fatty acid composition
of the present invention is blended with proteins, sugars,
fats, trace elements, vitamins, emulsifiers, and flavorings;
and processed forms such as drinkable preparations and
enteral nutrients.

Moreover, examples of the food product of the present
invention include, but not limited to, nutritional supple-
ments, health food, functional food, children’s food, modi-
fied milk for infants, modified milk for premature infant, and
geriatric food. Throughout the specification, the term “food”
is used as a collective term for edible materials in the form
of a solid, a fluid, a liquid, or a mixture thereof.

The term “nutritional supplements” refers to food prod-
ucts enriched with specific nutritional ingredients. The term
“health food” refers to food products that are healthful or
good for health and encompasses nutritional supplements,
natural food, and diet food. The term “functional food”
refers to food products for supplying nutritional ingredients
that assist body control functions and is synonymous with
food for specified health use. The term “children’s food”
refers to food products given to children up to about 6 years
old. The term “geriatric food” refers to food products treated
to facilitate digestion and absorption thereof, compared to
untreated food. The term “modified milk for infants” refers
to modified milk given to children up to about one year old.
The term “modified milk for premature infants” refers to
modified milk given to premature infants until about 6
months after birth.

Examples of these food products include natural food
(treated with fats and oils) such as meat, fish, and nuts; food
supplemented with fats and oils during preparation, such as
Chinese foods, Chinese noodles, and soups; food products
prepared using fats and oils as heating media, such as
tempura (deep-fried fish and vegetables), deep-fried food,
fried tofu, Chinese fried rice, doughnuts, and Japanese fried
dough cookies (karinto); fat- and oil-based food or pro-
cessed food supplemented with fats and oils during process-
ing, such as butter, margarine, mayonnaise, dressing, choco-
late, instant noodles, caramel, biscuits, cookies, cake, and
ice cream; and food sprayed or coated with fats and oils
upon finishing, such as rice crackers, hard biscuits, and
sweet bean paste bread. However, the food products of the
present invention are not limited to food containing fats and
oils, and other examples thereof include agricultural food
products such as bakery products, noodles, cooked rice,
sweets (e.g., candies, chewing gums, gummies, tablets,
Japanese sweets), tofu, and processed products thereof;
fermented food products such as refined sake, medicinal
liquor, seasoning liquor (mirin), vinegar, soy sauce, and
miso; livestock food products such as yogurt, ham, bacon,
and sausage; seafood products such as fish paste (kama-
boko), deep-fried fish paste (ageten), and fish cake (hanpen);
and fruit drinks, soft drinks, sports drinks, alcoholic bever-
ages, and tea.
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Method for Strain Evaluation and Selection Using Pap-
Encoding Nucleic Acid or PAP Protein of the Present
Invention

The present invention also provides a method of evalu-
ating or selecting a lipid-producing fungus using the PAP-
encoding nucleic acid or PAP protein of the present inven-
tion. Details are given below.

(1) Method for Evaluation

One embodiment of the present invention is a method of
evaluating a lipid-producing fungus using the PAP-encoding
nucleic acid or PAP protein of the present invention. In the
method for evaluation of the present invention, for example,
a lipid-producing fungus strain as a test strain is evaluated
for the activity of the present invention using primers or
probes designed based on the nucleotide sequence of the
present invention. Such evaluation can be performed by
known procedures, for example, described in International
Publication No. W001/040514 and JP-A-8-205900. The
method for evaluation will be briefly described below.

The first step is preparation of a genome of a test strain.
The genome can be prepared by any known method such as
a Hereford method or a potassium acetate method (see, e.g.,
Methods in Yeast Genetics, Cold Spring Harbor Laboratory
Press, p. 130 (1990)).

Primers or probes are designed based on the nucleotide
sequence of the present invention, preferably the sequence
set forth in SEQ ID NO: 1 or SEQ ID NO: 6. These primers
or probes may be any regions of the nucleotide sequence of
the present invention and may be designed by a known
procedure. The number of nucleotides in a polynucleotide
used as a primer is generally 10 or more, preferably 15 to 25.
The number of nucleotides appropriate for a region to be
flanked by primers is generally 300 to 2000.

The primers or probes prepared above are used to exam-
ine whether the genome of a test strain contains a sequence
specific to the nucleotide sequence of the present invention.
The sequence specific to the nucleotide sequence of the
present invention can be detected by a known procedure. For
example, a polynucleotide containing a part or all of the
sequence specific to the nucleotide sequence of the present
invention or a polynucleotide containing a nucleotide
sequence complementary to the nucleotide sequence is used
as one primer, and a polynucleotide containing a part or all
of a sequence located upstream or downstream of this
sequence or a polynucleotide containing a nucleotide
sequence complementary to the nucleotide sequence is used
as the other primer, and a nucleic acid from the test strain is
amplified by PCR or other techniques. Further, for example,
the presence or absence of an amplification product and the
molecular weight of an amplification product can be mea-
sured.

PCR conditions suitable for the method of the present
invention are not particularly limited and may be, for
example, as follows:

Denaturation temperature: 90° C. to 95° C.

Annealing temperature: 40° C. to 60° C.

Elongation temperature: 60° C. to 75° C.

Number of cycles: 10 or more cycles.

The resulting reaction products can be separated by electro-
phoresis on an agarose gel or any other process to determine
the molecular weight of the amplification product. The test
strain can be predicted or evaluated for the activity of the
present invention by confirming whether the molecular
weight of the amplification product is enough for covering
a nucleic acid molecule corresponding to a region specific to
the nucleotide sequence of the present invention. Further-
more, the activity of the present invention can be predicted
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or evaluated with higher accuracy by analyzing the nucleo-
tide sequence of the amplification product by the method
described above. The method of evaluating the activity of
the present invention is as described above.

Alternatively, in the evaluation according to the present
invention, a test strain can be evaluated for the activity of the
present invention by culturing the test strain and measuring
the expression level of PAP encoded by the nucleotide
sequence of the present invention, e.g., the sequence set
forth in SEQ ID NO: 1 or SEQ ID NO: 6. The expression
level of PAP can be measured by culturing a test strain under
appropriate conditions and quantifying mRNA or protein for
PAP. The mRNA or protein can be quantified by a known
procedure. For example, mRNA can be quantified by North-
ern hybridization or quantitative RT-PCR, and protein can be
quantified by Western blotting (Current Protocols in
Molecular Biology, John Wiley & Sons, 1994-2003).

(2) Method for Selection

Another embodiment of the present invention is a method
of selecting a lipid-producing fungus using the PAP-encod-
ing nucleic acid or PAP protein of the present invention. In
the selection according to the present invention, a strain
having a desired activity can be selected by culturing a test
strain, measuring the expression level of PAP encoded by the
nucleotide sequence of the present invention, e.g., sequence
set forth in SEQ ID NO: 1 or SEQ ID NO: 6, and selecting
a strain of a desired expression level. Alternatively, a desired
strain can be selected by establishing a standard strain,
culturing the standard strain and a test strain separately,
measuring the expression level of each strain, and compar-
ing the expression level of the standard strain with that of the
test strain. Specifically, for example, a standard strain and
test strains are cultured under appropriate conditions, and
the expression level of each strain is measured. A strain
exhibiting a desired activity can be selected by selecting a
test strain showing higher or lower expression than the
standard strain does. The desired activity can be determined
by, for example, measuring the expression level of PAP and
the composition of fatty acids produced by PAP, as described
above.

In the selection according to the present invention, a test
strain having a desired activity can be selected by culturing
test strains and selecting a strain having high or low activity
of the present invention. A desired activity can be deter-
mined by, for example, measuring the expression level of
PAP and the composition of fatty acids produced by PAP, as
described above.

Examples of the test strain and the standard strain include,
but not limited to, strains transformed with the vector of the
present invention, strains modified to suppress expression of
the nucleic acid of the present invention, mutagenized
strains, and naturally mutated strains. The activity of the
present invention can be measured by, for example, the
method described in the “Nucleic acid encoding phospha-
tidic acid phosphatase of the present invention” in the
specification. Examples of the mutagenesis include, but not
limited to, physical methods such as irradiation with ultra-
violet light or radiation; and chemical methods by treatment
with a chemical such as EMS (ethylmethane sulfonate) or
N-methyl-N-nitrosoguanidine (see, e.g., Yasuji Oshima ed.,
Biochemistry Experiments vol. 39, Experimental Protocols
for Yeast Molecular Genetics, pp. 67-75, Japan Scientific
Societies Press).

Examples of the strain used as the standard strain of the
present invention or the test strain include, but not limited to,
the lipid-producing fungus and yeast described above. Spe-
cifically, the standard strain and the test strain may be any
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combination of strains belonging to different genera or
species, and one or more test strains may be simultaneously
used.

The present invention will now be described in more
detail by the following examples, which are not intended to
limit the scope of the invention.

EXAMPLES
Example 1
Genomic Analysis of M. alpina

M. alpina strain 1S-4 was inoculated into 100 mL of a
GY2:1 medium (2% glucose, 1% yeast extract, pH 6.0) and
was shake-cultured at 28° C. for 2 days. The cells were
collected by filtration and genomic DNA was prepared by
using DNeasy (QIAGEN).

The nucleotide sequence of the genome DNA was deter-
mined using a Roche 454 GS FLX Standard. On this
occasion, the nucleotide of a fragment library was sequenced
in two runs, and the nucleotide of a mate pair library was
sequenced in three runs. The resulting nucleotide sequences
were assembled to obtain 300 supercontigs.

Example 2

Synthesis of cDNA and Construction of cDNA
Library

M. alpina strain 1S-4 was inoculated into 100 mL of a
medium (1.8% glucose, 1% yeast extract, pH 6.0) and was
shake-cultured at 28° C. for 4 days. The cells were collected
by filtration, and total RNA was prepared by a guanidine
hydrochloride/CsCl method.

From the total RNA, cDNA was synthesized by reverse
transcription with SuperScript II RT (Invitrogen) using a
random hexamer. In addition, from the total RNA, poly(A)*
RNA was purified using an Oligotex-dT30<Super>mRNA
Purification Kit (Takara Bio Inc.). A cDNA library was
constructed using a ZAP-cDNA GigapacklIll Gold Cloning
Kit (STRATAGENE).

Example 3
Search for Homolog of S. cerevisiae-Derived PAH1

The amino acid sequence of a gene having the PAP
activity of Saccharomyces cerevisiae, PAH1 (YMR165C)
(may be also referred to as SCPAH1 in the specification), was
subjected to tblastn analysis against M. alpina strain 1S-4
genome nucleotide sequences. As a result, supercontigs
including the sequences set forth in SEQ ID NO: 5 and SEQ
ID NO: 10 gave a hit. The gene relating to SEQ ID NO: 5
was named MaPAHI.1, and the gene relating to SEQ ID
NO: 10 was named MaPAH1.2.

Example 4
Cloning of MaPAH1.1 and MaPAH1.2

(1) Preparation of Probe

In order to clone cDNAs of the MaPAH1.1 gene and the
MaPAH1.2 gene, nucleotide sequences set forth in SEQ ID
NO: 5 and SEQ ID NO: 10 and the following primers
determined based on the results of the BLAST analysis
above were prepared.
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(SEQ ID NO: 11)
MaPAH1-1-3F: 5'-CGCCAATACATTGACGTTTTCAG-3'

(SEQ ID NO: 12)
MaPAH1-1-5R: 5'-AGTTCCAGTCATTGAACTCGGGTGC-3"'

(SEQ ID NO: 13)
MaPAH1-2-3F: 5'-GAGCCCAGTTGACCTTTGAGGCATTC-3'

(SEQ ID NO: 14)

MaPAH1-2-5R: 5'-CACTGAGAACGAGACCGTGTTGGCG-3"

PCR was performed with ExTaq (Takara Bio Inc.) using
the cDNA library constructed in Example 2 as a template
and a combination of primer MaPAHI1-1-3F and primer
MaPAH1-1-5R or a combination of primer MaPAH1-2-3F
and primer MaPAH1-2-5R at 94° C. for 2 min and then 30
cycles of (94° C. for 30 sec, 55° C. for 30 sec, and 72° C.
for 2 min). The DNA fragment of about 0.6 kbp obtained in
each combination was cloned with a TOPO-TA cloning Kit
(Invitrogen), and the nucleotide sequence of the insert of the
resulting plasmid was determined. The plasmid, obtained by
the former combination of the primer, having a sequence
corresponding to the nucleotides 2352 to 3010 of SEQ ID
NO: 4 was identified as pCR-MaPAH1.1-P; and the plasmid,
obtained by the latter combination of the primers, having a
sequence corresponding to the nucleotides 1615 to 2201 of
SEQ ID NO: 9 was identified as pCR-MaPAH1.2-P.

Subsequently, probes were produced by PCR using these
plasmids as templates and the primers in the above. In the
reaction, ExTaq (Takara Bio Inc., Japan) was used, except
that a PCR labeling mix (Roche Diagnostics) was used
instead of the attached dNTP mix for labeling DNAs to be
amplified with digoxigenin (DIG) to prepare an MaPAH1.1
probe and an MaPAH1.2 probe. The ¢cDNA library was
screened with these probes.

Hybridization conditions were set as follows:

Buffer: 5xSSC, 1% SDS, 50 mM Tris-HCl (pH 7.5), 50%
formamide,

Temperature: 42° C. (overnight), and

Washing conditions: in 0.2xSSC, 0.1% SDS solution (65°
C.) for 20 min (three times).

A DIG nucleic acid detection kit (Roche Diagnostics) was
used for detection. Plasmids were cut out by in vivo excision
from phage clones obtained by screening to obtain each
plasmid DNA. A plasmid having the longest insert among
the plasmids obtained by screening with the MaPAHI1.1
probe had a sequence of the positions 1307th and after in the
sequence set forth in SEQ ID NO: 4 and was named plasmid
pB-MaPAHI1.1p. The results of comparison with the amino
acid sequence of ScPAH1 suggest that this plasmid
pB-MaPAHI1.1p does not contain a region encoding the
N-terminal of PAH1.l1. Comparison of the genomic
sequence (SEQ ID NO: 5), which was expected to have the
MaPAH1.1 gene from the results of BLAST analysis, with
the N-terminal sequence of the amino acid sequence of
ScPAHI suggest that ATG at the 1 to 3 positions in the
sequence set forth in SEQ ID NO: 5 is the start codon. Each
frame of the plasmid pB-MaPAH]1.1p was translated into an
amino acid sequence. The amino acid sequence was com-
pared with the amino acid sequence of ScPAH1 protein
derived from S. cerevisiae. The results suggest that the TGA
at the 3985 to 3987 positions in the sequence set forth in
SEQ ID NO: 4 is the stop codon. Accordingly, in order to
clone the full-length ¢cDNA, the following primers were
designed:
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(SEQ ID NO: 15)

NotI-PAH1-1-F: 5'-GCGGCCGCATGCAGTCCGTGGGAAG-3',

and

(SEQ ID NO: 16)

MaPAH1-1-10R: 5'-TTCTTGAGTAGCTGCTGTTGTTCG-3 "' .

PCR was performed with ExTaq (Takara Bio Inc.) using
the cDNA above as a template and a combination of primer
Notl-PAH1-1-F and primer MaPAH1-1-10R at 94° C. for 2
min and then 30 cycles of (94° C. for 30 sec, 55° C. for 30
sec, and 72° C. for 2 min). The resulting DNA fragment of
about 1.5 kbp was cloned with a TOPO-TA cloning Kit
(Invitrogen), and the nucleotide sequence of the inserted part
was determined. The plasmid that cloned the DNA fragment
including the sequence of nucleotides 1 to 1500 of SEQ ID
NO: 4 was identified as pCR-MaPAH1.1-Np. Subsequently,
a DNA fragment of about 1.4 kbp obtained by digestion of
plasmid pCR-MaPAH1.1-Np with restriction enzymes Notl
and Xhol, a DNA fragment of about 3.7 kbp obtained by
digestion of plasmid pB-MaPAH1.lp with restriction
enzymes Notl and BamHI, and a DNA fragment of about 2.1
kb obtained by digestion of plasmid pB-MaPAHI1.1p with
restriction enzymes Xhol and BamHI were linked using
ligation high (TOYOBO) to prepare plasmid pB-MaPAH1.1
c¢DNA, which probably contain the full-length cDNA of
MaPAH1.1. A cDNA sequence including the full-length
ORF of MaPAH1.1 is shown in SEQ ID NO: 4.

Separately, a plasmid having the longest insert among the
plasmids obtained by screening with the MaPAH1.2 probe
had the nucleotide sequence set forth in SEQ ID NO: 9. The
results of comparison of this plasmid with the sequence of
ScPAHI derived from S. cerevisiae suggest that the plasmid
has ¢cDNA including the full-length ORF of MaPAH1.2. This
plasmid was identified as pB-MaPAH1.2 cDNA.

(2) Sequence Analysis

The ¢cDNA sequence (SEQ ID NO: 4) of the MaPAH1.1
gene includes CDS (SEQ ID NO: 3) consisting of a sequence
of the nucleotides 1 to 3987 and ORF (SEQ ID NO: 1)
consisting of a sequence of the nucleotides 1 to 3984. A
deduced amino acid sequence encoded by the MaPAH1.1
gene is shown in SEQ ID NO: 2. The genomic sequence of
the MaPAH1.1 gene was compared with the ORF sequence
(FIG. 1). The results suggest that the genomic sequence of
the MaPAHI1.1 gene is composed of eleven exons and ten
introns.

The ¢cDNA sequence (SEQ ID NO: 9) of the MaPAH1.2
gene includes CDS (SEQ ID NO: 8) consisting of a sequence
of the nucleotides 72 to 3791 and ORF (SEQ ID NO: 6)
consisting of a sequence of the nucleotides 72 to 3788. A
deduced amino acid sequence encoded by the MaPAH1.2
gene is shown in SEQ ID NO: 7. The genomic sequence of
the MaPAH1.2 gene was compared with the ORF sequence
(FIG. 2). The genomic sequence of the MaPAH1.2 gene is
composed of eight exons and seven introns.

The cDNA sequences of MaPAH1.1 and MaPAH1.2 and
deduced amino acid sequences thereof are respectively
shown in FIG. 3 and FIG. 4.

The deduced amino acid sequences of MaPAH1.1 and
MaPAH1.2 were subjected to homology search against
amino acid sequences in GenBank with the BLASTp pro-
gram. Both amino acid sequences gave a hit with nuclear
elongation and deformation protein 1 putative protein
(AAW42851) derived from Cryptococcus neoformans var.
neoformans JEC21 with the highest scores, but the identities
thereof were low, i.e., 25.9% and 26.6%, respectively.
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The amino acid sequences of MaPAH1.1 and MaPAH1.2
derived from M. alpina of the present invention have iden-
tities of 22.7% and 22.5%, respectively, with the amino acid
sequence of ScPAH1 protein, which has been functionally
analyzed, among PAP1 homologs of fungi. The amino acid
sequences of MaPAH1.1 and MaPAH1.2 derived from M.
alpina in the present invention were compared with the
amino acid sequences of known ScPAH1 and mouse-derived
lipin (FIG. 5). In the PAP1 family enzymes, the amino acid
sequence of the N-terminal region is well conserved and is
called lipin, N-terminal conserved region (pfam04571). In
also MaPAH1.1 and MaPAH1.2 derived from M. alpina of
the present invention, the known enzyme and the N-terminal
region are relatively well conserved. In addition, the DIDGT
sequence indicated with double underline in FIG. 5 is
haloacid dehalogenase (HAD)-like protein superfamily
enzyme and is consistent with the motif of the conserved
DXDX(T/V) catalytic site.

The CDS sequences of MaPAH1.1 and MaPAH1.2 were
compared with each other to show an identity of 54.7%
(FIG. 6), while the identity between the deduced amino acid
sequences was 35.6% (FIG. 7).

Example 5
Expression of MaPAH1.1 and MaPAH1.2 in Yeast

Construction of Expression Vector of MaPAH1.1 and
MaPAH1.2:

In order to express MaPAH1.1 in yeast, expression vec-
tors were constructed as follows.

Yeast expression vector pYE22m (Biosci. Biotech. Bio-
chem., 59, 1221-1228, 1995) was digested with a restriction
enzyme EcoRI, and the ends were blunted with a Blunting
Kit (TaKaRa Bio Inc.). The resulting fragment and a linker,
pNotl, phosphorylated (8-mer) (TaKaRa Bio Inc.) were
linked to each other using ligation high (TOYOBO) to
construct vector pYE22mN. The vector pYE22mN was
digested with restriction enzymes Notl and Kpnl, and the
resulting fragment was linked to a DNA fragment of about
4.2 kbp obtained by digestion of plasmid pB-MaPAH1.1
c¢DNA with restriction enzymes Notl and Kpnl to provide
plasmid pYE-MaPAH1.1. Separately, vector pYE22mN was
digested with restriction enzymes Notl and Kpnl, and the
resulting fragment was linked to a DNA fragment of about
3.8 kbp obtained by digestion of plasmid pB-MaPAH1.2
c¢DNA with restriction enzymes Notl and Kpnl to provide
plasmid pYE-MaPAH1.2.

Preparation of S. cerevisiae AScpahl:URA3 Strain

In order to clone an ScPAH1 gene derived from S.
cerevisiae strain S288C, the following primers were pre-
pared:

Primer KpnI-PAH1-F:

(SEQ ID NO: 17)
5'-GGTACCATGCAGTACGTAGGCAGAGCTC-3"',
and
Primer XhoI-PAHL-R:

(SEQ ID NO: 18)

5'-CTCGAGTTAATCTTCGAATTCATCTTCG-3 "' .

S. cerevisiae strain S288C was cultured in an YPD (2%
yeast extract, 1% polypeptone, 2% glucose) liquid medium
at 30° C. overnight. From the cells, DNA was extracted
using Dr. GenTLE (from yeast) (TaKaRa Bio Inc.), and the
ScPAHI gene was amplified by PCR with ExTaq using the
resulting DNA as a template and primers Kpnl-PAH1-F and
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Xhol-PAH1-R. The resulting DNA fragment of about 2.5
kbp was cloned using a TOPO TA cloning Kit, and a clone
having a correct nucleotide sequence was identified as
pCR-ScPAH1. A DNA fragment of about 0.4 kbp obtained
by digestion of pCR-ScPAH1 with restriction enzymes
EcoRI and EcoRV and a DNA fragment of about 2.1 kbp
obtained by digestion of pCR-ScPAH1 with restriction
enzymes EcoRV and Xhol were ligated to vector pBlue-
scriptlISK+digested by restriction enzymes EcoRI and Xhol
to prepare plasmid pBScPAH1. Plasmid pBScPAH1 was
digested with restriction enzymes EcoRV and Hincll and
was ligated to a DNA fragment of about 1.2 kbp obtained by
digestion of plasmid pURA34 (Japanese Unexamined Patent
Application Publication No. 2001-120276) with a restriction
enzyme HindIII and then blunt-ended. The resulting product
having the URA3 gene in the same direction as that of the
ScPAHI gene was determined as plasmid pBApah1:URA3.
Subsequently, S. cerevisiae strain YPH499 (ura3-52 lys2-
80lamber ade2-10lochre trpl-A63 his3-A200 leu2-Al a)
(STARATAGENE), as a host, was transformed with a DNA
fragment obtained by digestion of plasmid pBApahl:URA3
with a restriction enzyme EcoRI. Transformed strain was
selected by the ability to grow on an SC-Ura agar medium
(one liter of the medium includes 6.7 g of yeast nitrogen base
w/0 amino acids (DIFCO), 20 g of glucose, 1.3 g of amino
acid powder (a mixture of 1.25 g of adenine sulfate, 0.6 g of
arginine, 3 g of aspartic acid, 3 g of glutamic acid, 0.6 g of
histidine, 1.8 g of leucine, 0.9 g of lysine, 0.6 g of methio-
nine, 1.5 g of phenylalanine, 11.25 g of serine, 0.9 g of
tyrosine, 4.5 g of valine, 6 g of threonine, and 1.2 g of
tryptophan), and an agar medium (2% agar)). A strain that
was confirmed by PCR that the Apah1:URA3 construction
was introduced thereinto and that the ScPAH1 gene was
disrupted was determined as a AScpahl:URA3 strain.

Acquisition of Transformed Strain:

The AScpahl:URA3 strain was used as a host and trans-
formed with plasmid pYE22m, pYE-MaPAH1.1, or pYE-
MaPAH1.2. Transformed strains were selected by the ability
to grow on an SC-Ura, Trp agar medium (one liter of the
medium includes 6.7 g of yeast nitrogen base w/o amino
acids (DIFCO), 20 g of glucose, 1.3 g of amino acid powder
(a mixture of 1.25 g of adenine sulfate, 0.6 g of arginine, 3
g of aspartic acid, 3 g of glutamic acid, 0.6 g of histidine, 1.8
g of leucine, 0.9 g of lysine, 0.6 g of methionine, 1.5 g of
phenylalanine, 11.25 g of serine, 0.9 g of tyrosine, 4.5 g of
valine, and 6 g of threonine), and an agar medium (2%
agar)). Arbitrary two strains from the respective strains
transformed with each plasmid (control strains transformed
with plasmid pYE22m: C1 and C2, strains transformed with
plasmid pYE-MaPAH1.1: MaPAH1.1-1 and MaPAH1.1-2,
and strains transformed with plasmid pYE-MaPAH1.2:
MaPAH1.2-1 and MaPAH1.2-2) were used the subsequent
experiments.

Example 6

Measurement of Mg**-Dependent Phosphatidic
Acid Phosphatase Activity (PAP1 Activity)

Each transformed yeast strain was inoculated into 100 mL
of an SC-Ura, Trp liquid medium and shake-cultured at 30°
C. for one day. A crude enzyme solution was prepared from
the resulting culture solution as follows. In particular, the
procedure was conducted at 4° C. or in ice. The cells were
collected from the culture solution by centrifugation and
were washed with water. Subsequently, the cells were sus-
pended in 5 mL of buffer A (50 mM Tris-HCI (pH 7.5), 0.3
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M sucrose, 10 mM mercaptoethanol, 0.5 mM phenylmeth-
ylsulfonyl fluoride (PMSF)). The cells were disrupted by
treatment with a french press (Thermo Fisher Scientific),
Mini-Cell, at 16 kPa three times. The cell lysate was
subjected to centrifugation at 1500xg for 10 min, and the
supernatant was collected as a crude enzyme solution. The
concentration of protein contained in the crude enzyme
solution was measured with Protein Assay CBB Solution
(5x) (Nacalai Tesque).

The PAP1 activity was measured by a modified method by
Gil-Soo, et al. (J. Biol. Chem., 282 (51), 37026-37035,
(2007)) as follows. Since S. cerevisiae cannot synthesize
linoleic acid, 1,2-dilinoleoyl-sn-glycero-3-phosphate (18:2-
PA) was used as the substrate of PAP. Five hundred micro-
liters of a reaction solution was used. The composition of the
reaction solution was 100 uL of the crude enzyme solution,
50 mM Tris-HCI (pH 7.5), 100 pg/mL of 1,2-dilinoleoyl-
sn-glycero-3-phosphate, monosodium salt (Avanti Polar
Lipids, Inc.), 1 mM MgCl,, and 10 mM 2-mercaptoethanol.
The reaction solution was maintained at 25° C. for 30 min,
and then the reaction was terminated by addition of chlo-
roform:methanol (1:2). Lipids were extracted by a Bligh-
Dyer method. The lipids were fractionated on a silica gel 60
plate (Merck) by thin layer chromatography (TLC) using
hexane:diethy] ether:acetic acid=70:30:1 as the eluent. The
lipids were visualized by spraying a primulin solution
(0.015% primulin in aqueous 80% acetone) and then irra-
diated with UV light. The diacylglycerol (DG) fraction was
scraped from the plate and fatty acids were converted to
methyl ester by a hydrochloric acid/methanol method. Sub-
sequently, fatty acid methyl ester was extracted with hexane,
and hexane was distilled off, followed by gas chromato-
graphic analysis.

Table 2 shows the amounts of linoleic acid transferred into
the DG fraction per protein in the crude enzyme solution.

TABLE 2

Transformed strain 18:2 (ug/mg protein)

C1 15.43
c2 17.53
MaPAH1.1-1 56.03
MaPAH1.1-2 44.34
MaPAH1.2-1 19.45
MaPAH1.2-2 20.90

As shown in Table 2, in comparison with C1 and C2
transformed with pYE22m, the activity of converting 18:2-
PA to dilinolein (18:2-DG) was about 3-fold in MaPAH1.1-1
and MaPAH1.1-2 expressing MaPAH]1.1 and about 1.2-fold
in MaPAH1.2-1 and MaPAH1.2-2 expressing MaPAH1.2.
This suggests that MaPAH1.1 and MaPAH1.2 have PAP
activity.

The dependency of the PAP activity on Mg** was inves-
tigated as follows: Five hundred microliters of a reaction
solution was used. The reaction and analysis were performed
under the same conditions as above except that the compo-
sition of the reaction solution was 100 ul. of the crude
enzyme solution, 50 mM Tris-HC1 (pH 7.5), 100 pg/ml of
1,2-dilinoleoyl-sn-glycero-3-phosphate, monosodium salt
(Avanti Polar Lipids, Inc.), 2 mM EDTA, and 10 mM
2-mercaptoethanol. Table 3 shows the amounts of linoleic
acid transferred into the DG fraction per protein in the crude
enzyme solution.
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TABLE 3

Transformed strain 18:2 (ug/mg protein)

C1 11.17
c2 10.77
MaPAHI1.1-1 13.06
MaPAHI1.1-2 11.39
MaPAHI1.2-1 12.52
MaPAH1.2-2 10.93

As shown in Table 3, in every strain, the activity of
converting 18:2-PA to dilinolein (18:2-DG) was approxi-
mately the same.

This suggests that the PAP activity of MaPAHI1.1 and
MaPAH1.2 depends on Mg>" and that MaPAH1.1 and
MaPAH1.2 have PAP1 activity.

Example 7
Amount of Produced Triacylglycerol

Triacylglycerol (throughout the specification, referred to
as triglyceride or TG), which is a reserve lipid, is a lipid
obtained by further acylating diacylglycerol which is a
product of PAP protein. The amounts of TG produced by
yeast transformants in which MaPAH1.1 or MaPAH1.2 was
highly expressed were measured.

The transformant cells, ScPAH1-deficient yeast strain
host, were inoculated in 10 mL of an SD-Ura, Trp liquid
medium and were statically cultured at 30° C. for 3 days.
One milliliter of the culture solution was inoculated in 10
ml of a YPDA (2% yeast extract, 1% polypeptone, 2%
glucose, 0.008% adenine sulfate) liquid medium, followed
by shake culture at 30° C. for one day (n=3). The cells were
collected by centrifugation of the culture solution, washed
with water, and lyophilized. Chloroform and methanol (2:1)
were added to the dried cells. The cells were repeatedly
disrupted with glass beads, and lipids were extracted with 8
mL in total of a solvent. The extracted lipids were fraction-
ated by TLC as in above, and the TG fraction was scraped
and analyzed. Table 4 shows the results.

TABLE 4

Amount* of TG produced in each medium
Transformed strain mg/L
C1 11.01 = 1.27
C2 11.54 £ 0.54
MaPAHI1.1-1 16.01 = 2.45
MaPAH1.1-2 17.09 = 1.41
MaPAH1.2-1 14.29 + 0.87
MaPAH1.2-2 13.32 £ 0.78

*In terms of fatty acid

As shown in Table 4, the amount of TG was about 1.5-fold
in the MaPAHI1.1 high expression strain and was about
1.2-fold in the MaPAH]1.2 high expression strain compared
with that in the control.

Example 8
Substrate Specificity of MaPAH1.1 and MaPAH1.2
The AScpahl:URA3 strain, the host, was transformed

with plasmid pYE22m, pYE-MaPAH1.1, or pYE-
MaPAH1.2. Four strains of each transformant were used in
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the following experiments. The strains transformed with
plasmid pYE22m were used as a control.

The yeast transformants were each inoculated in 10 mL of
an SC-Ura, Trp liquid medium and were statically cultured
at 27.5° C. overnight. The resulting culture solutions were
each inoculated in 40 mL of an SC-Ura, Trp liquid medium
at an amount of V1o in duplicate and were statically cultured
at 27.5° C. for two days. Crude enzyme solutions were
prepared from the resulting culture solutions as in Example
6, and the protein concentrations thereof were measured.

The PAP1 activity was measured as in Example 6 except
that 1,2-dilinoleoyl-sn-glycero-3-phosphate (18:2-PA) and
1,2-dioleoyl-sn-glycero-3-phosphate (18:1-PA) were used as
substrates of PAP.

Tables 5 and Table 6 respectively show the amounts of
linoleic acid (18:2) and oleic acid (18:1) transferred into the
diacylglycerol (DG) fraction per crude enzyme solution
protein.

TABLE 5

18:2 in DG per protein (ug/mg - protein)

Control MaPAH]1.1 MaPAH1.2
Sample name mean SD mean SD mean SD
13.72 2.74 25.50 6.75 18.19 1.43

TABLE 6
18:1 in DG per protein (ug/mg - protein)

Control MaPAH]I.1 MaPAH1.2
Sample name mean SD mean SD mean SD
15.14 0.88 29.16 7.04 16.69 1.05

When the substrate used was 18:2-PA, the activities of
MaPAH1.1 and MaPAH1.2 derived from Mortierella were
1.9-fold and 1.3-fold, respectively, compared with that of the
control.

When the substrate used was 18:1-PA, the activities of
MaPAH1.1 and MaPAH1.2 were 1.9-fold and 1.1-fold,
respectively, compared with that of the control. The 18:1 is
a fatty acid that yeast intrinsically possesses and is therefore
originally present in DG of the crude enzyme solution.
However, no difference was observed in the amount of 18:1
in DG in the crude enzyme solution when the substrate was
not added. Accordingly, it can be assumed that the differ-
ences in activity of MaPAHI1.1 and MaPAH1.2 from the
control shown in Table 6 are based on the effect against
18:1-PA added as a substrate.

In comparison of activities of the same enzyme against
different substrates, MaPAH1.1 increased both 18:1 and
18:2 by 1.9-fold compared with the control, while
MaPAH1.2 increased the amount of 18:1 by 1.1-fold and the
amount of 18:2 by 1.3-fold compared with the control. This
suggests that MaPAH1.1 exhibits its activity on both 18:1-
PA and 18:2-PA equally, but in MaPAH1.2, the activity on
18:2-PA is higher than that on 18:1-PA.

These results suggest that MaPAH1.1 and MaPAH1.2
have PAP activity. In addition, MaPAH1.2 shows higher
activity on 18:2-PA than on 18:1-PA, which suggests that
MaPAH1.2 shows a higher activity on phosphatidic acid
having a fatty acid portion with a higher degree of unsatu-
ration.
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SEQUENCE LISTING FREE TEXT

SEQ ID NO: 11: primer
SEQ ID NO: 12: primer
SEQ ID NO: 13: primer

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

14: primer
15: primer
16: primer
17: primer
18: primer

38

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 3984

<212> TYPE: DNA

<213> ORGANISM: Mortierella alpina
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(3984)

<223> OTHER INFORMATION:

<400> SEQUENCE: 1

atg cag tce gtg gga age tte tte tee act gte tca
Met Gln Ser Val Gly Ser Phe Phe Ser Thr Val Ser
1 5 10

gag ctc aat cca gcc acg ctt tcg gge gee att gac
Glu Leu Asn Pro Ala Thr Leu Ser Gly Ala Ile Asp
20 25

gag caa gcc gat ggt gaa tta gca tgce tca cca ttt
Glu Gln Ala Asp Gly Glu Leu Ala Cys Ser Pro Phe
35 40

ggc aaa ctg agc att ctc cga ccg cag gaa aaa gtg
Gly Lys Leu Ser Ile Leu Arg Pro Gln Glu Lys Val
50 55 60

gtc aac ggt cge gtc gtt gat ttt cct atg aag gtt
Val Asn Gly Arg Val Val Asp Phe Pro Met Lys Val
65 70 75

gaa gcc tte ttt gtt ttt gag act gag cag gac gtg
Glu Ala Phe Phe Val Phe Glu Thr Glu Gln Asp Val
85 90

gce acg tet cca cta geg gga ccc aac aca gac aaa
Ala Thr Ser Pro Leu Ala Gly Pro Asn Thr Asp Lys
100 105

att gac tat ctg gat cta gcc gaa ggg cat agc acc
Ile Asp Tyr Leu Asp Leu Ala Glu Gly His Ser Thr
115 120

cct gac gat ata gtc tta gat geg gge tat gte age
Pro Asp Asp Ile Val Leu Asp Ala Gly Tyr Val Ser
130 135 140

cat gga tca gag ttt gaa gaa gac gag aga gca gac
His Gly Ser Glu Phe Glu Glu Asp Glu Arg Ala Asp
145 150 155

ttt gac aaa aag cca gat tac gca tce gcg gtc aaa
Phe Asp Lys Lys Pro Asp Tyr Ala Ser Ala Val Lys
165 170

aat gga caa ggg aga cac cta ggc agt gct aat gag
Asn Gly Gln Gly Arg His Leu Gly Ser Ala Asn Glu
180 185

gta cat gct ttc atg gag cgg caa gtt caa cga tgg
Val His Ala Phe Met Glu Arg Gln Val Gln Arg Trp
195 200

tce cta cca ccc tet ceg gtg tta aag tet cge gac
Ser Leu Pro Pro Ser Pro Val Leu Lys Ser Arg Asp
210 215 220

ttt cag cct att gac tcg geg gge cct tte gat aat
Phe Gln Pro Ile Asp Ser Ala Gly Pro Phe Asp Asn

agg
Arg

gtg
Val

cat
His
45

gtg
Val

gge
Gly

cce
Pro

gtt
Val

gtg
Val
125

gece
Ala

ttg
Leu

tac
Tyr

gca
Ala

tcg
Ser
205

att

Ile

agt
Ser

tte
Phe

gte
Val
30

gte
Val

gag
Glu

gat
Asp

gaa
Glu

gag
Glu
110

aca
Thr

cac
His

teg
Ser

gge
Gly

aca
Thr
190

ctt

Leu

atg
Met

cga
Arg

tac aat
Tyr Asn
15

gtg gtc
Val Val

cge ttt
Arg Phe

gtg acc
Val Thr

gca ggc
Ala Gly
80

gag ttt
Glu Phe
95

gag gac
Glu Asp

tat ccg
Tyr Pro

agt ggg
Ser Gly

cct gaa
Pro Glu
160

ggt aca
Gly Thr
175

acg tct

Thr Ser

acc atg
Thr Met

gag aac
Glu Asn

gag gat
Glu Asp

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720
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40

-continued
225 230 235 240
tet gga cge ctg cte geg cca gag act atc gee gtt age aat gga ggc 768
Ser Gly Arg Leu Leu Ala Pro Glu Thr Ile Ala Val Ser Asn Gly Gly
245 250 255
agc agt gga tct ctg ttt cat cct aag gag ggc atg ata atg gac atg 816
Ser Ser Gly Ser Leu Phe His Pro Lys Glu Gly Met Ile Met Asp Met
260 265 270
act ggc tac aag acc gag gac tct gac ctg aat tcc gat gcg tet gat 864
Thr Gly Tyr Lys Thr Glu Asp Ser Asp Leu Asn Ser Asp Ala Ser Asp
275 280 285
gaa cat gat gta ggc atg gct ggc gect ttg aat ggt cge cat cgg cgc 912
Glu His Asp Val Gly Met Ala Gly Ala Leu Asn Gly Arg His Arg Arg
290 295 300
aaa agg gct gct cgg cgg aaa agg aga ggg ccg gtg cat ggce gtc aac 960
Lys Arg Ala Ala Arg Arg Lys Arg Arg Gly Pro Val His Gly Val Asn
305 310 315 320
tct caa gac aac ctg gcc act gaa act ccc tca att aca gcg cat gtc 1008
Ser Gln Asp Asn Leu Ala Thr Glu Thr Pro Ser Ile Thr Ala His Val
325 330 335
ctc age agt ctc gac cct cge ttg ccg ttg cga cct act gecg cga cct 1056
Leu Ser Ser Leu Asp Pro Arg Leu Pro Leu Arg Pro Thr Ala Arg Pro
340 345 350
gct cta cgce ccc aaa gct aac aac ggg ttg ggc act cta ccg aat cgce 1104
Ala Leu Arg Pro Lys Ala Asn Asn Gly Leu Gly Thr Leu Pro Asn Arg
355 360 365
cgt tcg tca tcg atg ccg aat ctt aaa gat ttc gta ggt gag aat aac 1152
Arg Ser Ser Ser Met Pro Asn Leu Lys Asp Phe Val Gly Glu Asn Asn
370 375 380
agt ttg tcg cca agc gtg ccg gcg ata atg cga cgc ttt cct tecg aag 1200
Ser Leu Ser Pro Ser Val Pro Ala Ile Met Arg Arg Phe Pro Ser Lys
385 390 395 400
acg tta aac tca aag ttt tcc gca aga agc gac atc aaa gat ggg acc 1248
Thr Leu Asn Ser Lys Phe Ser Ala Arg Ser Asp Ile Lys Asp Gly Thr
405 410 415
agt tca agc agc tce gta gcc tce tcg cct cca ccg tca gtt gec aac 1296
Ser Ser Ser Ser Ser Val Ala Ser Ser Pro Pro Pro Ser Val Ala Asn
420 425 430
cag cag agc cct aaa aac cgc cac cat cac cat cat cac cac aaa gag 1344
Gln Gln Ser Pro Lys Asn Arg His His His His His His His Lys Glu
435 440 445
cac acc gaa gga agc cat ccc cgt cgc cac tcg cac aaa cct tca cag 1392
His Thr Glu Gly Ser His Pro Arg Arg His Ser His Lys Pro Ser Gln
450 455 460
caa gtg caa gtg aaa aaa ccc ccg ccc aga tcc aat cca gct gtt aat 1440
Gln Val Gln Val Lys Lys Pro Pro Pro Arg Ser Asn Pro Ala Val Asn
465 470 475 480
gcg ctg agce gat acg gag ctc gag tat caa acg c¢cg cga aca aca gca 1488
Ala Leu Ser Asp Thr Glu Leu Glu Tyr Gln Thr Pro Arg Thr Thr Ala
485 490 495
gct act caa gaa tca gag tgg tce tgg gga tgg ggc age tta ccg gtt 1536
Ala Thr Gln Glu Ser Glu Trp Ser Trp Gly Trp Gly Ser Leu Pro Val
500 505 510
aaa aat gac ggt cta ggc aca ggg gaa gca gat cac aag gag cat cac 1584
Lys Asn Asp Gly Leu Gly Thr Gly Glu Ala Asp His Lys Glu His His
515 520 525
tct agt cat cca tca atc gac att cca gcc cca c¢gg aaa cct gtg ttg 1632
Ser Ser His Pro Ser Ile Asp Ile Pro Ala Pro Arg Lys Pro Val Leu
530 535 540
aac gag atg gag att gac ggg act gtg tac aga ctc gcc atc agce ttg 1680
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42

545

tgt
Cys

ttt
Phe

aag
Lys

ttt
Phe

cgg
Arg
625

teg
Ser

cgt
Arg

caa
Gln

aac
Asn

agc
Ser
705

ctt

Leu

gac
Asp

cct
Pro

ctt
Leu

gece
Ala
785

gtt
Val

Ile

ate
Ile

ctt
Leu

Glu

ccg
Pro

gece
Ala

act
Thr

act
Thr
610

aag
Lys

cgg
Arg

ttc
Phe

ttg
Leu

gat
Asp
690

gtg
Val

cta
Leu

gaa
Glu

ccg
Pro

cge
Arg
770

aat
Asn

tgt
Cys

tcg
Ser

ttt
Phe

tac
Tyr
850

Met

ggt
Gly

ace
Thr

cte
Leu
595

tgg
Trp

cct
Pro

cat
His

gge
Gly

agc
Ser
675

gece
Ala

aaa
Lys

cge
Arg

999
Gly

aca
Thr
755

ttg
Leu

aca
Thr

tce
Ser

gac
Asp

ace
Thr
835

acg
Thr

Glu

gat
Asp

aat
Asn
580

aat
Asn

aca
Thr

cte
Leu

cta
Leu

get
Ala
660

gecg
Ala

ttg
Leu

gte
Val

get
Ala

ate
Ile
740

cat
His

aca
Thr

ttg
Leu

gece
Ala

att
Ile
820

atg

Met

gac
Asp

Ile

gaa
Glu
565

cag
Gln

aac
Asn

get
Ala

tct
Ser

tca
Ser
645

cte
Leu

atg
Met

cag
Gln

gaa
Glu

cct
Pro
725

gece
Ala

tct
Ser

tct
Ser

acg
Thr

aaa
Lys
805

gat

Asp

gca
Ala

ate
Ile

Asp
550

tte
Phe

gtt
Val

aag
Lys

gecg
Ala

gac
Asp
630

gat
Asp

tecc
Ser

gag
Glu

cct
Pro

teg
Ser
710

aaa
Lys

999
Gly

gecg
Ala

gaa
Glu

ttt
Phe
790

ttg
Leu

gge
Gly

gga
Gly

gte
Val

Gly

gga
Gly

teg
Ser

aat
Asn

gga
Gly
615

gaa
Glu

cga
Arg

aga
Arg

caa
Gln

get
Ala
695

att
Ile

cca
Pro

tct
Ser

cte
Leu

cag
Gln
775

tca
Ser

ttt
Phe

acg
Thr

aag
Lys

aac
Asn
855

Thr

aaa
Lys

ttc
Phe

ttg
Leu
600

cca
Pro

acg
Thr

cte
Leu

tgg
Trp

999
Gly
680

cag
Gln

aag
Lys

atg
Met

ata
Ile

aag
Lys
760

ttg
Leu

gta
Val

ctyg
Leu

att
Ile

gat
Asp
840

aat
Asn

Val

gat
Asp

gat
Asp
585

gte
Val

tat
Tyr

cte
Leu

get
Ala

cta
Leu
665

caa
Gln

tta
Leu

cac
His

act
Thr

tca
Ser
745

agc
Ser

aaa
Lys

acg
Thr

tgg
Trp

aca
Thr
825

tgg
Trp

999
Gly

Tyr

ttg
Leu
570

gag
Glu

tgce
Cys

ctt
Leu

cat
His

gtg
Val
650

agg
Arg

aga
Arg

gag
Glu

act
Thr

cgt
Arg
730

gac
Asp

agt
Ser

tca
Ser

tca
Ser

gac
Asp
810

aag

Lys

ace
Thr

tat
Tyr

Arg
555

gaa
Glu

tte
Phe

ctg
Leu

tce
Ser

cag
Gln
635

caa
Gln

gga
Gly

caa
Gln

gag
Glu

tce
Ser
715

agc
Ser

gag
Glu

aga
Arg

cta
Leu

agt
Ser
795

cat

His

tcg
Ser

cat
His

cat
His

Leu

gece
Ala

gecg
Ala

ate
Ile

tca
Ser
620

ctt
Leu

gat
Asp

tca
Ser

cgt
Arg

agt
Ser
700

gga
Gly

acce
Thr

tac
Tyr

cgg
Arg

aat
Asn
780

tat
Tyr

gac
Asp

gac
Asp

teg
Ser

att
Ile
860

Ala

agc
Ser

aaa
Lys

aat
Asn
605

ctyg
Leu

tca
Ser

gag
Glu

caa
Gln

act
Thr
685

caa
Gln

tca
Ser

tct
Ser

get
Ala

tat
Tyr
765

ttg
Leu

caa
Gln

tac
Tyr

get
Ala

ggt
Gly
845

ttg
Leu

Ile

gaa
Glu

gac
Asp
590

gac
Asp

atg
Met

gece
Ala

cce
Pro

ace
Thr
670

cce
Pro

get
Ala

cat
His

ctyg
Leu

gga
Gly
750

gecg
Ala

aaa
Lys

gge
Gly

caa
Gln

cte
Leu
830

gte
Val

tac
Tyr

Ser

gca
Ala
575

cca
Pro

cgg
Arg

cte
Leu

aag
Lys

cca
Pro
655

tcg
Ser

agt
Ser

tta
Leu

tca
Ser

ccg
Pro
735

agc
Ser

aaa
Lys

aaa
Lys

aaa
Lys

gte
Val
815

gga
Gly

gece
Ala

ttg
Leu

Leu
560

ttg
Leu

cte
Leu

tat
Tyr

ttc
Phe

gac
Asp
640

ace
Thr

tce
Ser

ace
Thr

cag
Gln

tca
Ser
720

ate
Ile

tcg
Ser

acg
Thr

gge
Gly

gca
Ala
800

gte
Val

cac
His

aaa
Lys

ace
Thr

1728

1776

1824

1872

1920

1968

2016

2064

2112

2160

2208

2256

2304

2352

2400

2448

2496

2544

2592
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tca agg gcc att gga cag gca gac tac aca cga aag tac ctc aag aac 2640
Ser Arg Ala Ile Gly Gln Ala Asp Tyr Thr Arg Lys Tyr Leu Lys Asn
865 870 875 880

gtg gag caa aat aac tac cag tta ccg gat gga ccg gtg atc atg agce 2688
Val Glu Gln Asn Asn Tyr Gln Leu Pro Asp Gly Pro Val Ile Met Ser
885 890 895

cct gat cgce ttg atg acc gcc ttce cac agg gag gtg att atg agg aag 2736
Pro Asp Arg Leu Met Thr Ala Phe His Arg Glu Val Ile Met Arg Lys
900 905 910

cca gaa gaa ttc aag atg gca tgt ctg cgt gac att cgg agg ctg ttt 2784
Pro Glu Glu Phe Lys Met Ala Cys Leu Arg Asp Ile Arg Arg Leu Phe
915 920 925

gga gat cgc aac ccc ttc tat gec ggg ttt gga aac aga atc acg gac 2832
Gly Asp Arg Asn Pro Phe Tyr Ala Gly Phe Gly Asn Arg Ile Thr Asp
930 935 940

gca ctg tce tac agg agce gtt aat gtc ccc tca tet cgg ata ttt aca 2880
Ala Leu Ser Tyr Arg Ser Val Asn Val Pro Ser Ser Arg Ile Phe Thr
945 950 955 960

att gat tcg gga ggt gaa gtc aag ctg gag ctc ctc agc agc tac aaa 2928
Ile Asp Ser Gly Gly Glu Val Lys Leu Glu Leu Leu Ser Ser Tyr Lys
965 970 975

tca tca tat ctc gcg ttg aac gat ctc gtg aat gag atc ttt cca gga 2976
Ser Ser Tyr Leu Ala Leu Asn Asp Leu Val Asn Glu Ile Phe Pro Gly
980 985 990

aaa aga cag gca ccc gag ttc aat gac tgg aac ttt tgg cgg gcg ccc 3024
Lys Arg Gln Ala Pro Glu Phe Asn Asp Trp Asn Phe Trp Arg Ala Pro

995 1000 1005

ttg cca gat atc gag ctt cca gtt gcg ccg tet cat caa tac gec 3069
Leu Pro Asp Ile Glu Leu Pro Val Ala Pro Ser His Gln Tyr Ala

1010 1015 1020
cct aca gcg gtg ccg gge gag tac aat gca caa gga tat tct gea 3114
Pro Thr Ala Val Pro Gly Glu Tyr Asn Ala Gln Gly Tyr Ser Ala

1025 1030 1035
ggt cct gge c¢gg ttg gga gtg ata c¢gg agc ctt acc agt tce cte 3159
Gly Pro Gly Arg Leu Gly Val Ile Arg Ser Leu Thr Ser Ser Leu

1040 1045 1050
acc tca gca gga ccg cte aag acg agg acc gct atc cca att ttt 3204
Thr Ser Ala Gly Pro Leu Lys Thr Arg Thr Ala Ile Pro Ile Phe

1055 1060 1065
acc tca aat tcg cce cect cect cecg aat tec tac cca teg geg atg 3249
Thr Ser Asn Ser Pro Pro Pro Pro Asn Ser Tyr Pro Ser Ala Met

1070 1075 1080
aag ccc cat gca ccg cat cag tece caa cca gec tee  tece teg cet 3294
Lys Pro His Ala Pro His Gln Ser Gln Pro Ala Ser Ser Ser Pro

1085 1090 1095
caa ccc  cce gca tca gog ccg tca gga ctg cag atc get gat agg 3339
Gln Pro Pro Ala Ser Ala Pro Ser Gly Leu Gln Ile Ala Asp Arg

1100 1105 1110
acc cgt cga ctc tecg ctg tcg ttg atg cga tat agc agc cat tceca 3384
Thr Arg Arg Leu Ser Leu Ser Leu Met Arg Tyr Ser Ser His Ser

1115 1120 1125
gct ccc acg tecce geg cca gtt ttg aga act ttg acc gac agt tcce 3429
Ala Pro Thr Ser Ala Pro Val Leu Arg Thr Leu Thr Asp Ser Ser

1130 1135 1140
gag ccc  aat gtc ggc att gac agc ggt gat gca ggc get cte tet 3474
Glu Pro Asn Val Gly Ile Asp Ser Gly Asp Ala Gly Ala Leu Ser

1145 1150 1155
gag ggg aat cag gca ggt tta gag cca aat cgc tca cct cac ttg 3519

Glu Gly Asn Gln Ala Gly Leu Glu Pro Asn Arg Ser Pro His Leu
1160 1165 1170
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gga tcc aac act gat ggc gtt ttce cca ctg gac gtt cct gtt gtg 3564
Gly Ser Asn Thr Asp Gly Val Phe Pro Leu Asp Val Pro Val Val

1175 1180 1185
aag aga aag gca tct ggt ttc tecg gtc tca ccg cce cag ctt gece 3609
Lys Arg Lys Ala Ser Gly Phe Ser Val Ser Pro Pro Gln Leu Ala

1190 1195 1200
agt cga cta agt gag act gta atg cct ttt ctt cgc cga cga gca 3654
Ser Arg Leu Ser Glu Thr Val Met Pro Phe Leu Arg Arg Arg Ala

1205 1210 1215
tce aag ttg gag cag ggg cag gag cag cag cag gaa cag cag cag 3699
Ser Lys Leu Glu Gln Gly Gln Glu Gln Gln Gln Glu Gln Gln Gln

1220 1225 1230
gaa cag gJaa cag gaa cga gag cat gat gtc cag ctg ggt gca gca 3744
Glu Gln Glu Gln Glu Arg Glu His Asp Val Gln Leu Gly Ala Ala

1235 1240 1245
gct gaa ggg gag cag ctt gect tac act cga gag tac ggg gaa gaa 3789
Ala Glu Gly Glu Gln Leu Ala Tyr Thr Arg Glu Tyr Gly Glu Glu

1250 1255 1260
gaa gcc gct get gga tat ctg geg gag gac cat gaa ctc gga gag 3834
Glu Ala Ala Ala Gly Tyr Leu Ala Glu Asp His Glu Leu Gly Glu

1265 1270 1275
gat gaa gag gat gaa gga gaa gga gca gat gga tat gtt ggt tat 3879
Asp Glu Glu Asp Glu Gly Glu Gly Ala Asp Gly Tyr Val Gly Tyr

1280 1285 1290
tct gga gaa gag gat gaa ggt ctg gaa gaa gat cag ctc gag ggt 3924
Ser Gly Glu Glu Asp Glu Gly Leu Glu Glu Asp Gln Leu Glu Gly

1295 1300 1305
gag gaa gac gag gat gag gat gac gat gat gta gag ctc aac att 3969
Glu Glu Asp Glu Asp Glu Asp Asp Asp Asp Val Glu Leu Asn Ile

1310 1315 1320
gac gct ccg tte cta 3984
Asp Ala Pro Phe Leu

1325

<210> SEQ ID NO 2

<211> LENGTH: 1328

<212> TYPE: PRT

<213> ORGANISM: Mortierella alpina

<400> SEQUENCE: 2

Met Gln Ser Val Gly Ser Phe Phe Ser Thr Val Ser Arg Phe Tyr Asn
1 5 10 15

Glu Leu Asn Pro Ala Thr Leu Ser Gly Ala Ile Asp Val Val Val Val
20 25 30

Glu Gln Ala Asp Gly Glu Leu Ala Cys Ser Pro Phe His Val Arg Phe

Gly Lys Leu Ser Ile Leu Arg Pro Gln Glu Lys Val Val Glu Val Thr
50 55 60

Val Asn Gly Arg Val Val Asp Phe Pro Met Lys Val Gly Asp Ala Gly
65 70 75 80

Glu Ala Phe Phe Val Phe Glu Thr Glu Gln Asp Val Pro Glu Glu Phe
85 90 95

Ala Thr Ser Pro Leu Ala Gly Pro Asn Thr Asp Lys Val Glu Glu Asp
100 105 110

Ile Asp Tyr Leu Asp Leu Ala Glu Gly His Ser Thr Val Thr Tyr Pro
115 120 125

Pro Asp Asp Ile Val Leu Asp Ala Gly Tyr Val Ser Ala His Ser Gly
130 135 140
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His
145
Phe

Asn

Ser

Phe

225

Ser

Ser

Thr

Glu

Lys

305

Ser

Leu

Ala

Arg

Ser

385

Thr

Ser

Gln

Gln
465

Ala

Ala

Lys

Ser

Asn
545

Gly

Asp

Gly

His

Leu

210

Gln

Gly

Ser

Gly

His

290

Arg

Gln

Ser

Leu

Ser

370

Leu

Leu

Ser

Gln

Thr

450

Val

Leu

Thr

Asn

Ser

530

Glu

Ser

Lys

Gln

Ala

195

Pro

Pro

Arg

Gly

Tyr

275

Asp

Ala

Asp

Ser

Arg

355

Ser

Ser

Asn

Ser

Ser

435

Glu

Gln

Ser

Gln

Asp
515

His

Met

Glu

Lys

Gly

180

Phe

Pro

Ile

Leu

Ser

260

Lys

Val

Ala

Asn

Leu

340

Pro

Ser

Pro

Ser

Ser

420

Pro

Gly

Val

Asp

Glu
500
Gly

Pro

Glu

Phe

Pro

165

Arg

Met

Ser

Asp

Leu

245

Leu

Thr

Gly

Arg

Leu

325

Asp

Lys

Met

Ser

Lys

405

Ser

Lys

Ser

Lys

Thr

485

Ser

Leu

Ser

Ile

Glu

150

Asp

His

Glu

Pro

Ser

230

Ala

Phe

Glu

Met

Arg

310

Ala

Pro

Ala

Pro

Val

390

Phe

Val

Asn

His

Lys

470

Glu

Glu

Gly

Ile

Asp
550

Glu

Tyr

Leu

Arg

Val

215

Ala

Pro

His

Asp

Ala

295

Lys

Thr

Arg

Asn

Asn

375

Pro

Ser

Ala

Arg

Pro

455

Pro

Leu

Trp

Thr

Asp

535

Gly

Asp

Ala

Gly

Gln

200

Leu

Gly

Glu

Pro

Ser

280

Gly

Arg

Glu

Leu

Asn

360

Leu

Ala

Ala

Ser

His

440

Arg

Pro

Glu

Ser

Gly

520

Ile

Thr

Glu

Ser

Ser

185

Val

Lys

Pro

Thr

Lys

265

Asp

Ala

Arg

Thr

Pro

345

Gly

Lys

Ile

Arg

Ser

425

His

Arg

Pro

Tyr

Trp

505

Glu

Pro

Val

Arg

Ala

170

Ala

Gln

Ser

Phe

Ile

250

Glu

Leu

Leu

Gly

Pro

330

Leu

Leu

Asp

Met

Ser

410

Pro

His

His

Arg

Gln

490

Gly

Ala

Ala

Tyr

Ala

155

Val

Asn

Arg

Arg

Asp

235

Ala

Gly

Asn

Asn

Pro

315

Ser

Arg

Gly

Phe

Arg

395

Asp

Pro

His

Ser

Ser

475

Thr

Trp

Asp

Pro

Arg
555

Asp

Lys

Glu

Trp

Asp

220

Asn

Val

Met

Ser

Gly

300

Val

Ile

Pro

Thr

Val

380

Arg

Ile

Pro

His

His

460

Asn

Pro

Gly

His

Arg

540

Leu

Leu

Tyr

Ala

Ser

205

Ile

Ser

Ser

Ile

Asp

285

Arg

His

Thr

Thr

Leu

365

Gly

Phe

Lys

Ser

His

445

Lys

Pro

Arg

Ser

Lys
525

Lys

Ala

Ser

Gly

Thr

190

Leu

Met

Arg

Asn

Met

270

Ala

His

Gly

Ala

Ala

350

Pro

Glu

Pro

Asp

Val

430

His

Pro

Ala

Thr

Leu

510

Glu

Pro

Ile

Pro

Gly

175

Thr

Thr

Glu

Glu

Gly

255

Asp

Ser

Arg

Val

His

335

Arg

Asn

Asn

Ser

Gly

415

Ala

Lys

Ser

Val

Thr

495

Pro

His

Val

Ser

Glu

160

Thr

Ser

Met

Asn

Asp

240

Gly

Met

Asp

Arg

Asn

320

Val

Pro

Arg

Asn

Lys

400

Thr

Asn

Glu

Gln

Asn

480

Ala

Val

His

Leu

Leu
560
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Cys

Phe

Lys

Phe

Arg

625

Ser

Arg

Gln

Asn

Ser

705

Leu

Asp

Pro

Leu

Ala

785

Ile

Ile

Leu

Ser

865

Pro

Pro

Gly

Ala
945

Ile

Ser

Pro

Ala

Thr

Thr

610

Lys

Arg

Phe

Leu

Asp

690

Val

Leu

Glu

Pro

Arg

770

Asn

Cys

Ser

Phe

Tyr

850

Arg

Glu

Asp

Glu

Asp

930

Leu

Asp

Ser

Gly

Thr

Leu

595

Trp

Pro

His

Gly

Ser

675

Ala

Lys

Arg

Gly

Thr

755

Leu

Thr

Ser

Asp

Thr

835

Thr

Ala

Gln

Arg

Glu

915

Arg

Ser

Ser

Tyr

Asp

Asn

580

Asn

Thr

Leu

Leu

Ala

660

Ala

Leu

Val

Ala

Ile

740

His

Thr

Leu

Ala

Ile

820

Met

Asp

Ile

Asn

Leu

900

Phe

Asn

Tyr

Gly

Leu

Glu

565

Gln

Asn

Ala

Ser

Ser

645

Leu

Met

Gln

Glu

Pro

725

Ala

Ser

Ser

Thr

Lys

805

Asp

Ala

Ile

Gly

Asn

885

Met

Lys

Pro

Arg

Gly

965

Ala

Phe

Val

Lys

Ala

Asp

630

Asp

Ser

Glu

Pro

Ser

710

Lys

Gly

Ala

Glu

Phe

790

Leu

Gly

Gly

Val

Gln

870

Tyr

Thr

Met

Phe

Ser
950

Glu

Leu

Gly

Ser

Asn

Gly

615

Glu

Arg

Arg

Gln

Ala

695

Ile

Pro

Ser

Leu

Gln

775

Ser

Phe

Thr

Lys

Asn

855

Ala

Gln

Ala

Ala

Tyr
935
Val

Val

Asn

Lys

Phe

Leu

600

Pro

Thr

Leu

Trp

Gly

680

Gln

Lys

Met

Ile

Lys

760

Leu

Val

Leu

Ile

Asp

840

Asn

Asp

Leu

Phe

Cys

920

Ala

Asn

Lys

Asp

Asp

Asp

585

Val

Tyr

Leu

Ala

Leu

665

Gln

Leu

His

Thr

Ser

745

Ser

Lys

Thr

Trp

Thr

825

Trp

Gly

Tyr

Pro

His

905

Leu

Gly

Val

Leu

Leu

Leu

570

Glu

Cys

Leu

His

Val

650

Arg

Arg

Glu

Thr

Arg

730

Asp

Ser

Ser

Ser

Asp

810

Lys

Thr

Tyr

Thr

Asp

890

Arg

Arg

Phe

Pro

Glu
970

Val

Glu

Phe

Leu

Ser

Gln

635

Gln

Gly

Gln

Glu

Ser

715

Ser

Glu

Arg

Leu

Ser

795

His

Ser

His

His

Arg

875

Gly

Glu

Asp

Gly

Ser
955

Leu

Asn

Ala

Ala

Ile

Ser

620

Leu

Asp

Ser

Arg

Ser

700

Gly

Thr

Tyr

Arg

Asn

780

Tyr

Asp

Asp

Ser

Ile

860

Lys

Pro

Val

Ile

Asn
940
Ser

Leu

Glu

Ser

Lys

Asn

605

Leu

Ser

Glu

Gln

Thr

685

Gln

Ser

Ser

Ala

Tyr

765

Leu

Gln

Tyr

Ala

Gly

845

Leu

Tyr

Val

Ile

Arg

925

Arg

Arg

Ser

Ile

Glu

Asp

590

Asp

Met

Ala

Pro

Thr

670

Pro

Ala

His

Leu

Gly

750

Ala

Lys

Gly

Gln

Leu

830

Val

Tyr

Leu

Ile

Met

910

Arg

Ile

Ile

Ser

Phe

Ala

575

Pro

Arg

Leu

Lys

Pro

655

Ser

Ser

Leu

Ser

Pro

735

Ser

Lys

Lys

Lys

Val

815

Gly

Ala

Leu

Lys

Met

895

Arg

Leu

Thr

Phe

Tyr
975

Pro

Leu

Leu

Tyr

Phe

Asp

640

Thr

Ser

Thr

Gln

Ser

720

Ile

Ser

Thr

Gly

Ala

800

Val

His

Lys

Thr

Asn

880

Ser

Lys

Phe

Asp

Thr
960

Lys

Gly
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980 985 990

Lys Arg Gln Ala Pro Glu Phe Asn Asp Trp Asn Phe Trp Arg Ala Pro
995 1000 1005

Leu Pro Asp Ile Glu Leu Pro Val Ala Pro Ser His Gln Tyr Ala
1010 1015 1020

Pro Thr Ala Val Pro Gly Glu Tyr Asn Ala Gln Gly Tyr Ser Ala
1025 1030 1035

Gly Pro Gly Arg Leu Gly Val Ile Arg Ser Leu Thr Ser Ser Leu
1040 1045 1050

Thr Ser Ala Gly Pro Leu Lys Thr Arg Thr Ala Ile Pro Ile Phe
1055 1060 1065

Thr Ser Asn Ser Pro Pro Pro Pro Asn Ser Tyr Pro Ser Ala Met
1070 1075 1080

Lys Pro His Ala Pro His Gln Ser Gln Pro Ala Ser Ser Ser Pro
1085 1090 1095

Gln Pro Pro Ala Ser Ala Pro Ser Gly Leu Gln Ile Ala Asp Arg
1100 1105 1110

Thr Arg Arg Leu Ser Leu Ser Leu Met Arg Tyr Ser Ser His Ser
1115 1120 1125

Ala Pro Thr Ser Ala Pro Val Leu Arg Thr Leu Thr Asp Ser Ser
1130 1135 1140

Glu Pro Asn Val Gly Ile Asp Ser Gly Asp Ala Gly Ala Leu Ser
1145 1150 1155

Glu Gly Asn Gln Ala Gly Leu Glu Pro Asn Arg Ser Pro His Leu
1160 1165 1170

Gly Ser Asn Thr Asp Gly Val Phe Pro Leu Asp Val Pro Val Val
1175 1180 1185

Lys Arg Lys Ala Ser Gly Phe Ser Val Ser Pro Pro Gln Leu Ala
1190 1195 1200

Ser Arg Leu Ser Glu Thr Val Met Pro Phe Leu Arg Arg Arg Ala
1205 1210 1215

Ser Lys Leu Glu Gln Gly Gln Glu Gln Gln Gln Glu Gln Gln Gln
1220 1225 1230

Glu Gln Glu Gln Glu Arg Glu His Asp Val Gln Leu Gly Ala Ala
1235 1240 1245

Ala Glu Gly Glu Gln Leu Ala Tyr Thr Arg Glu Tyr Gly Glu Glu
1250 1255 1260

Glu Ala Ala Ala Gly Tyr Leu Ala Glu Asp His Glu Leu Gly Glu
1265 1270 1275

Asp Glu Glu Asp Glu Gly Glu Gly Ala Asp Gly Tyr Val Gly Tyr
1280 1285 1290

Ser Gly Glu Glu Asp Glu Gly Leu Glu Glu Asp Gln Leu Glu Gly
1295 1300 1305

Glu Glu Asp Glu Asp Glu Asp Asp Asp Asp Val Glu Leu Asn Ile
1310 1315 1320

Asp Ala Pro Phe Leu
1325

<210> SEQ ID NO 3

<211> LENGTH: 3987

<212> TYPE: DNA

<213> ORGANISM: Mortierella alpina

<400> SEQUENCE: 3
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atgcagtceg tgggaagett cttctcecact gtectcaaggt tctacaatga gctcaatcca 60
gecacgettt cgggegccat tgacgtggtce gtggtegage aagccgatgg tgaattagea 120
tgctcaccat ttcatgtccg ctttggcaaa ctgagcatte tcecgaccgca ggaaaaagtg 180
gtggaggtga ccgtcaacgg tcgegtegtt gattttecta tgaaggttgg cgatgcagge 240
gaagccttet ttgtttttga gactgagcag gacgtgeccg aagagtttge cacgtcteca 300
ctagecgggac ccaacacaga caaagttgag gaggacattg actatctgga tctagccgaa 360
gggcatagca ccgtgacata tccgectgac gatatagtcet tagatgeggg ctatgtcage 420
geecacagtyg ggcatggate agagtttgaa gaagacgaga gagcagactt gtcgectgaa 480
tttgacaaaa agccagatta cgcatccgeg gtcaaatacyg gcggtacaaa tggacaaggg 540
agacacctag gcagtgctaa tgaggcaaca acgtctgtac atgctttcat ggagcggcaa 600
gttcaacgat ggtcgcttac catgtcccta ccaccctcete cggtgttaaa gtctegcegac 660
attatggaga actttcagcc tattgactcg gegggccctt tcegataatag tcgagaggat 720
tctggacgee tgctegegece agagactatce gecgttagea atggaggcag cagtggatct 780
ctgtttcate ctaaggaggg catgataatg gacatgactyg gctacaagac cgaggactct 840
gacctgaatt ccgatgcgte tgatgaacat gatgtaggca tggctggege tttgaatggt 900
cgccategge gcaaaagggce tgctcggegg aaaaggagag ggccggtgcea tggegtcaac 960
tctcaagaca acctggccac tgaaactcce tcaattacag cgcatgtcct cagcagtctce 1020
gacccteget tgecegttgceg acctactgeg cgacctgcte tacgccccaa agctaacaac 1080
gggttgggca ctctaccgaa tcgeccgtteg tcatcgatge cgaatcttaa agatttegta 1140
ggtgagaata acagtttgtc gccaagcegtg ccggcgataa tgcgacgett tcecttcgaag 1200
acgttaaact caaagttttc cgcaagaagc gacatcaaag atgggaccag ttcaagcagc 1260
tcegtagect cctegectcece accgtcagtt gecaaccage agagccctaa aaaccgccac 1320
catcaccatc atcaccacaa agagcacacc gaaggaagcec atccccgteg ccactcgcac 1380
aaaccttcac agcaagtgca agtgaaaaaa cccccgcecca gatccaatce agctgttaat 1440
gegetgageyg atacggagcet cgagtatcaa acgccgegaa caacagcagce tactcaagaa 1500
tcagagtggt cctggggatg gggcagctta ccggttaaaa atgacggtct aggcacaggg 1560
gaagcagatc acaaggagca tcactctagt catccatcaa tcgacattcc agccccacgg 1620
aaacctgtgt tgaacgagat ggagattgac gggactgtgt acagactcgce catcagcttg 1680
tgtccgggtyg atgaattcegg aaaagatttg gaagccagceg aagcattgtt tgccaccaat 1740
caggtttcgt tcgatgagtt cgcgaaagac ccactcaaga ctctcaataa caagaatttg 1800
gtctgcctga tcaatgaccg gtattttact tggacagctg cgggaccata tctttectcea 1860
ctgatgctct teccggaagec tcectctcetgac gaaacgctcece atcagettte agccaaggac 1920
tcgeggcate tatcagatcg actcgcetgtg caagatgagce ccccaaccceg ttteggeget 1980
ctctccagat ggctaagggg atcacaaacc tcgtcccaat tgagcgcgat ggagcaaggg 2040
caaagacaac gtactcccag taccaacgat gccttgcage ctgctcagtt agaggagagt 2100
caagctttac agagcgtgaa agtcgaatcg attaagcaca cttccggatc acattcatca 2160
cttctacgecg ctcectaaacc aatgactcgt agcacctcetce tgccgatcga cgaagggatce 2220
gccgggteta tatcagacga gtacgctgga agctcgecte cgacacattce tgcgctcaag 2280
agcagtagac ggtatgcgaa aacgcttcgce ttgacatctg aacagttgaa atcactaaat 2340
ttgaaaaaag gcgccaatac attgacgttt tcagtaacgt caagttatca aggcaaagca 2400
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gtttgtteceg ccaaattgtt tctgtgggac catgactacc aagtcgtcat atcggacatt 2460
gatggcacga ttacaaagtc ggacgctctc ggacacatct ttaccatggc aggaaaggat 2520
tggacccatt cgggtgtcge caaactttac acggacatcg tcaacaatgg gtatcatatt 2580
ttgtacttga cctcaagggc cattggacag gcagactaca cacgaaagta cctcaagaac 2640
gtggagcaaa ataactacca gttaccggat ggaccggtga tcatgagccc tgatcgettg 2700
atgaccgect tccacaggga ggtgattatg aggaagccag aagaattcaa gatggcatgt 2760
ctgcgtgaca ttcggaggct gtttggagat cgcaaccect tcectatgceccgg gtttggaaac 2820
agaatcacgg acgcactgtc ctacaggagc gttaatgtcc cctcatctcg gatatttaca 2880
attgattcgg gaggtgaagt caagctggag ctcctcagca gctacaaatc atcatatctce 2940
gcgttgaacyg atctcgtgaa tgagatcttt ccaggaaaaa gacaggcacc cgagttcaat 3000
gactggaact tttggcgggce gcccttgcca gatatcgage ttceccagttgce gcegtctceat 3060
caatacgccce ctacagcggt gcecgggcgag tacaatgcac aaggatattce tgcaggtcect 3120
ggccggttgg gagtgatacg gagccttacce agttccecctceca cctcagcagg accgctcaag 3180
acgaggaccg ctatcccaat ttttacctca aattcgccce ctcecteccgaa ttectaccca 3240
tcggegatga agccccatge accgcatcag teccaaccag cctectecte gectcaacce 3300
ccegecatcag cgccgtcagg actgcagatce gctgatagga cccgtcecgact ctegetgteg 3360
ttgatgcgat atagcagcca ttcagctcce acgtccgege cagttttgag aactttgacce 3420
gacagttceg agcccaatgt cggcattgac agcggtgatg caggcgctct ctetgagggyg 3480
aatcaggcag gtttagagcc aaatcgctca cctcacttgg gatccaacac tgatggcgtt 3540
ttcccactgg acgttcecctgt tgtgaagaga aaggcatctg gtttctcecggt ctcaccgecce 3600
cagcttgcca gtcgactaag tgagactgta atgecctttte ttcgccgacg agcatccaag 3660
ttggagcagg ggcaggagca gcagcaggaa cagcagcagg aacaggaaca ggaacgagag 3720
catgatgtcc agctgggtgce agcagctgaa ggggagcagce ttgcttacac tcgagagtac 3780
ggggaagaag aagccgctge tggatatctg geggaggace atgaactcgg agaggatgaa 3840
gaggatgaag gagaaggagc agatggatat gttggttatt ctggagaaga ggatgaaggt 3900
ctggaagaag atcagctcga gggtgaggaa gacgaggatyg aggatgacga tgatgtagag 3960
ctcaacattg acgctccgtt cctatga 3987
<210> SEQ ID NO 4
<211> LENGTH: 4248
<212> TYPE: DNA
<213> ORGANISM: Mortierella alpina
<400> SEQUENCE: 4
atgcagtceg tgggaagett cttctcecact gtectcaaggt tctacaatga gctcaatcca 60
gecacgettt cgggegccat tgacgtggtce gtggtegage aagccgatgg tgaattagea 120
tgctcaccat ttcatgtccg ctttggcaaa ctgagcatte tcecgaccgca ggaaaaagtg 180
gtggaggtga ccgtcaacgg tcgegtegtt gattttecta tgaaggttgg cgatgcagge 240
gaagccttet ttgtttttga gactgagcag gacgtgeccg aagagtttge cacgtcteca 300
ctagecgggac ccaacacaga caaagttgag gaggacattg actatctgga tctagccgaa 360
gggcatagca ccgtgacata tccgectgac gatatagtcet tagatgeggg ctatgtcage 420
geecacagtyg ggcatggate agagtttgaa gaagacgaga gagcagactt gtcgectgaa 480
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tttgacaaaa agccagatta cgcatccgeg gtcaaatacyg gcggtacaaa tggacaaggg 540
agacacctag gcagtgctaa tgaggcaaca acgtctgtac atgctttcat ggagcggcaa 600
gttcaacgat ggtcgcttac catgtcccta ccaccctcete cggtgttaaa gtctegcegac 660
attatggaga actttcagcc tattgactcg gegggccctt tcegataatag tcgagaggat 720
tctggacgee tgctegegece agagactatce gecgttagea atggaggcag cagtggatct 780
ctgtttcate ctaaggaggg catgataatg gacatgactyg gctacaagac cgaggactct 840
gacctgaatt ccgatgcgte tgatgaacat gatgtaggca tggctggege tttgaatggt 900
cgccategge gcaaaagggce tgctcggegg aaaaggagag ggccggtgcea tggegtcaac 960
tctcaagaca acctggccac tgaaactcce tcaattacag cgcatgtcct cagcagtctce 1020
gacccteget tgecegttgceg acctactgeg cgacctgcte tacgccccaa agctaacaac 1080
gggttgggca ctctaccgaa tcgeccgtteg tcatcgatge cgaatcttaa agatttegta 1140
ggtgagaata acagtttgtc gccaagcegtg ccggcgataa tgcgacgett tcecttcgaag 1200
acgttaaact caaagttttc cgcaagaagc gacatcaaag atgggaccag ttcaagcagc 1260
tcegtagect cctegectcece accgtcagtt gecaaccage agagccctaa aaaccgccac 1320
catcaccatc atcaccacaa agagcacacc gaaggaagcec atccccgteg ccactcgcac 1380
aaaccttcac agcaagtgca agtgaaaaaa cccccgcecca gatccaatce agctgttaat 1440
gegetgageyg atacggagcet cgagtatcaa acgccgegaa caacagcagce tactcaagaa 1500
tcagagtggt cctggggatg gggcagctta ccggttaaaa atgacggtct aggcacaggg 1560
gaagcagatc acaaggagca tcactctagt catccatcaa tcgacattcc agccccacgg 1620
aaacctgtgt tgaacgagat ggagattgac gggactgtgt acagactcgce catcagcttg 1680
tgtccgggtyg atgaattcegg aaaagatttg gaagccagceg aagcattgtt tgccaccaat 1740
caggtttcgt tcgatgagtt cgcgaaagac ccactcaaga ctctcaataa caagaatttg 1800
gtctgcctga tcaatgaccg gtattttact tggacagctg cgggaccata tctttectcea 1860
ctgatgctct teccggaagec tcectctcetgac gaaacgctcece atcagettte agccaaggac 1920
tcgeggcate tatcagatcg actcgcetgtg caagatgagce ccccaaccceg ttteggeget 1980
ctctccagat ggctaagggg atcacaaacc tcgtcccaat tgagcgcgat ggagcaaggg 2040
caaagacaac gtactcccag taccaacgat gccttgcage ctgctcagtt agaggagagt 2100
caagctttac agagcgtgaa agtcgaatcg attaagcaca cttccggatc acattcatca 2160
cttctacgecg ctcectaaacc aatgactcgt agcacctcetce tgccgatcga cgaagggatce 2220
gccgggteta tatcagacga gtacgctgga agctcgecte cgacacattce tgcgctcaag 2280
agcagtagac ggtatgcgaa aacgcttcgce ttgacatctg aacagttgaa atcactaaat 2340
ttgaaaaaag gcgccaatac attgacgttt tcagtaacgt caagttatca aggcaaagca 2400
gtttgtteceg ccaaattgtt tctgtgggac catgactacc aagtcgtcat atcggacatt 2460
gatggcacga ttacaaagtc ggacgctctc ggacacatct ttaccatggc aggaaaggat 2520
tggacccatt cgggtgtcge caaactttac acggacatcg tcaacaatgg gtatcatatt 2580
ttgtacttga cctcaagggc cattggacag gcagactaca cacgaaagta cctcaagaac 2640
gtggagcaaa ataactacca gttaccggat ggaccggtga tcatgagccc tgatcgettg 2700
atgaccgect tccacaggga ggtgattatg aggaagccag aagaattcaa gatggcatgt 2760
ctgcgtgaca ttcggaggct gtttggagat cgcaaccect tcectatgceccgg gtttggaaac 2820
agaatcacgg acgcactgtc ctacaggagc gttaatgtcc cctcatctcg gatatttaca 2880
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attgattcgg gaggtgaagt caagctggag ctcctcagca gctacaaatc atcatatctce 2940
gcgttgaacyg atctcgtgaa tgagatcttt ccaggaaaaa gacaggcacc cgagttcaat 3000
gactggaact tttggcgggce gcccttgcca gatatcgage ttceccagttgce gcegtctceat 3060
caatacgccce ctacagcggt gcecgggcgag tacaatgcac aaggatattce tgcaggtcect 3120
ggccggttgg gagtgatacg gagccttacce agttccecctceca cctcagcagg accgctcaag 3180
acgaggaccg ctatcccaat ttttacctca aattcgccce ctcecteccgaa ttectaccca 3240
tcggegatga agccccatge accgcatcag teccaaccag cctectecte gectcaacce 3300
ccegecatcag cgccgtcagg actgcagatce gctgatagga cccgtcecgact ctegetgteg 3360
ttgatgcgat atagcagcca ttcagctcce acgtccgege cagttttgag aactttgacce 3420
gacagttceg agcccaatgt cggcattgac agcggtgatg caggcgctct ctetgagggyg 3480
aatcaggcag gtttagagcc aaatcgctca cctcacttgg gatccaacac tgatggcgtt 3540
ttcccactgg acgttcecctgt tgtgaagaga aaggcatctg gtttctcecggt ctcaccgecce 3600
cagcttgcca gtcgactaag tgagactgta atgecctttte ttcgccgacg agcatccaag 3660
ttggagcagg ggcaggagca gcagcaggaa cagcagcagg aacaggaaca ggaacgagag 3720
catgatgtcc agctgggtgce agcagctgaa ggggagcagce ttgcttacac tcgagagtac 3780
ggggaagaag aagccgctge tggatatctg geggaggace atgaactcgg agaggatgaa 3840
gaggatgaag gagaaggagc agatggatat gttggttatt ctggagaaga ggatgaaggt 3900
ctggaagaag atcagctcga gggtgaggaa gacgaggatyg aggatgacga tgatgtagag 3960
ctcaacattg acgctccgtt cctatgaaca tccttgtaca tcaatgcgac agatcacagg 4020
ggttgcaagt cgtctgatgce tatgagcctt ccaagttttt ggctggataa atgggtgttg 4080
ttgaggattt attgttgtta caaggcgatg ccgattcaaa aatgtggata gccgcactgg 4140
tgcaagaggt gggaaatggc aaagaggacg agcaagaaag aagaaggaga aaaaaagaca 4200
taaactacca acgagaaaag tctataacag aaaaaaaaaa aaaaaaaa 4248
<210> SEQ ID NO 5
<211> LENGTH: 5034
<212> TYPE: DNA
<213> ORGANISM: Mortierella alpina
<400> SEQUENCE: 5
atgcagtceg tgggaagett cttctcecact gtectcaaggt tctacaatga gctcaatcca 60
gecacgettt cgggegccat tgacgtggtce gtggtegage aagccgatgg tgaattagea 120
tgctcaccat ttcatgtccg ctttggcaaa ctgagcatte tcecgaccgca ggaaaaagtg 180
gtaagctttyg cctgtectca ccteccaagca tatcggtace cgagacgacc cttgctattg 240
cceectette aaaaccttge cgactgaaat gegtttectyg gtctaaagtyg actcegtcege 300
gcatgtcege tccacatcaa taagetctga tacatggtca aaataactcc tcgacggect 360
tctttaggtyg gaggtgaccg tcaacggtceg cgtegttgat tttectatga aggttggcga 420
tgcaggcgaa gecttetttyg tttttgagac tgagcaggac gtgcccgaag agtttgccac 480
gtectccacta gegggaccca acacagacaa agttgaggag gacattgact atctggatcet 540
agccgaaggg catagcaccg tgacatatcce gectgacgat ataggtaaat cacgacgttg 600
tatcatgctyg ctgagacatg cggaacgcgg cggaatcceeg tcecectegecaa ggttgteget 660
acttacataa tactacgcgc catccacagt cttagatgeg ggctatgtca gcgeccacag 720
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tgggcatgga tcagagtttg aagaagacga gagagcagac ttgtcgcctyg aatttgacaa 780
aaagccagat tacgcatccg cggtcaaata cggcggtaca aatggacaag ggagacacct 840
aggcagtgct aatgaggcaa caacgtctgt acatgcttte atggagcegge aagttcaacg 900
atggtecgett accatgtcce taccacccte teecggtgtta aagtctcegeg acattatgga 960
gaactttcag cctattgact cggcgggccce tttcgataat agtcgagagg attctggacyg 1020
cctgctegeg ccagagacta tcegccgttag caatggaggce agcagtggat ctcetgtttca 1080
tcctaaggag ggcatgataa tggacatgac tggctacaag accgaggact ctgacctgaa 1140
ttccgatgeg tcectgatgaac atgatgtagg catggctgge getttgaatg gtegecatceg 1200
gegcaaaagyg gctgctcegge ggaaaaggag agggccggtg catggegtca actctcaaga 1260
caacctggcce actgaaactc cctcaattac agcgcatgtce ctcagcagte tcgacccteg 1320
cttgcegttg cgacctactg cgcgacctge tctacgeccce aaagctaaca acgggttggg 1380
cactctaccg aatcgccgtt cgtcatcgat gccgaatctt aaagatttcg taggtaagag 1440
gtccacaatg gactgtcaaa caacaaggtg ggtaatgatg agcaagtcca ggcagtaggce 1500
tgactcgagg caacccataa cgtcgcegtta taggtgagaa taacagtttg tcgccaagceg 1560
tgccggegat aatgcgacge tttecttcga agacgttaaa ctcaaagttt tecgcaagaa 1620
gcgacatcaa agatgggacc agttcaagca gctccgtage ctectcegect ccaccgtceag 1680
ttgccaacca gcagagccct aaaaaccgec accatcacca tcatcaccac aaagagcaca 1740
ccgaaggaag ccatcccegt cgccactege acaaacctte acagcaagtyg caagtgaaaa 1800
aacccecegece cagatccaat ccagetgtta atgegctgag cgatacggag ctcgaggtta 1860
gtgtcccatt catcaatagt tcgttcttaa agtgacaatg cccatatctce atgectgtca 1920
gtaccgtett catgattgag aatagtatca aacgccgcga acaacagcag ctactcaaga 1980
atcagagtgg tcctggggat ggggcagctt accggttaaa aatgacggtc taggcacagg 2040
ggaagcagat cacaaggagc atcactctag tcatccatca atcgacattc cagccccacyg 2100
gaaacctgtg ttgaacgaga tggagattga cgggactgtg tacagactcg ccatcagcett 2160
gtgtccgggt gatgaattcg gaaaagattt ggtacgtctg cttgaagtaa cgaaataatg 2220
gttacggcca tggaacaaaa tatgaaacag caagccgcta acctgttcta ctttggtgag 2280
gggtccgcag gaagccagcg aagcattgtt tgccaccaat caggtttcegt tcgatgagtt 2340
cgcgaaagac ccactcaaga ctctcaataa caagaatttg gtctgcctga tcaatgaccg 2400
gtacagaagt ctactggcat tcatgcatgg gactcaaagg cgtgcatccc attaagcgac 2460
tgtgtcaatt gatttgtttc cgctaggtat tttacttgga cagctgcggg accatatctt 2520
tcetcactga tgctecttecg gaagectcte tctgacgaaa cgctceccatca getttcagece 2580
aaggactcgce ggcatctatc agatcgactc gctgtgcaag atgagccccce aacccgttte 2640
ggcgctctet ccagatggct aaggggatca caaacctcegt cccaattgag cgcgatggag 2700
caagggcaaa gacaacgtac tcccagtacc aacgatgect tgcagcecctge tcagttagag 2760
gaggtacatg aaatcctctt ttattcaaaa agccccgaga tgcaatagta caaccagtta 2820
ctgacaacac ctcggtatcg ctgtagagtc aagctttaca gagcgtgaaa gtcgaatcga 2880
ttaagcacac ttccggatca cattcatcac ttctacgege tcctaaacca atgactcgta 2940
gcacctctet gecgatcgac gaagggatcg ccgggtctat atcagacgag tacgctggaa 3000
gctegectee gacacattct gcgcectcaaga gcagtagacg gtatgcgaaa acgctteget 3060
tgacatctga acagttggta cgtgcctaca accggatagce gtattgaatt gcegecgtgtac 3120
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cagcagcatt gaaatctcac acggcattgt ccgcttctga aatagaaatc actaaatttg 3180
aaaaaaggcg ccaatacatt gacgttttca gtaacgtcaa gttatcaagg caaagcagtt 3240
tgttcecgeca aattgtttet gtgggaccat gactaccaag tcgtcatatce ggacattgat 3300
ggcacgatta caaagtcgga cgctctcgga cacatcttta ccatggcagg aaaggattgg 3360
acccattcgg gtgtcgccaa actttacacg gacatcgtca acaatgggta tcatattttg 3420
tacttgacct caagggccat tggacaggca gactacacac gaaagtacct caagaacgtg 3480
gagcaaaata actaccagtt accggatgga ccggtgatca tgagccctga tcgecttgatg 3540
accgcecttee acaggtcage agtgttcact gtggcgcata ggcttcgtag ggatgggaca 3600
tcttgetttg aatgcttact aacaaccatt tgcgttaacg ttttagggag gtgattatga 3660
ggaagccaga agaattcaag atggcatgtc tgcgtgacat tcggaggctg tttggagatce 3720
gcaacccett ctatgececggg tttggaaaca gaatcacgga cgcactgtcce tacaggagcyg 3780
ttaatgtccce ctcatctecgg atatttacaa ttgattcggg aggtgaagtce aagctggagce 3840
tcectcagecag ctacaaatca tegtgagtac ccttcactge acttgetttt ccactggtgg 3900
cgtccatcca gtcectttgttyg gecgaaacatg gatttaggac ctgaccattt ttgtctettt 3960
gctgatctac ttgacacaag atatctcgeg ttgaacgatc tcegtgaatga gatcttteca 4020
ggaaaaagac aggcacccga gttcaatgac tggaactttt ggcgggcgcec cttgccagat 4080
atcgagcettce cagttgcgec gtctcatcaa tacgccecta cagcggtgcece gggcgagtac 4140
aatgcacaag gatattctgc aggtcctgge cggttgggag tgatacggag ccttaccagt 4200
tcectcacct cagcaggacce gctcaagacg aggaccgcta tcccaatttt tacctcaaat 4260
tcgcecececte cteccgaatte ctacccatcg gcgatgaage cccatgcacce gcatcagtcece 4320
caaccagcct cctectegece tcaacceccece geatcagege cgtcaggact gcagatcget 4380
gataggaccc gtcgactcte gctgtegttg atgcgatata gcagccattce agctcccacy 4440
tcegegecag ttttgagaac tttgaccgac agttccgage ccaatgtcgg cattgacagce 4500
ggtgatgcag gcgctctcecte tgaggggaat caggcaggtt tagagccaaa tcgctcacct 4560
cacttgggat ccaacactga tggcgttttc ccactggacg ttcctgttgt gaagagaaag 4620
gcatctggtt tcecteggtcte accgccccag cttgccagte gactaagtga gactgtaatg 4680
cettttette gecgacgage atccaagttg gagcagggge aggagcagca gcaggaacag 4740
cagcaggaac aggaacagga acgagagcat gatgtccage tgggtgcage agctgaaggg 4800
gagcagcttg cttacactcg agagtacggg gaagaagaag ccgctgctgg atatctggeg 4860
gaggaccatyg aactcggaga ggatgaagag gatgaaggag aaggagcaga tggatatgtt 4920
ggttattctyg gagaagagga tgaaggtctg gaagaagatc agctcgaggg tgaggaagac 4980
gaggatgagg atgacgatga tgtagagctc aacattgacg ctccgttect atga 5034
<210> SEQ ID NO 6
<211> LENGTH: 3717
<212> TYPE: DNA
<213> ORGANISM: Mortierella alpina
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1).. (3717
<223> OTHER INFORMATION:
<400> SEQUENCE: 6
atg tat tct gte ggg aac ttc tte teg acce gtt acg aaa ttc tac aat 48

Met Tyr Ser Val Gly Asn Phe Phe Ser Thr Val Thr Lys Phe Tyr Asn
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1 5 10 15
gag atc aac ccc gcc acc cte tce gge gea atc gac atc atc gte gte 96
Glu Ile Asn Pro Ala Thr Leu Ser Gly Ala Ile Asp Ile Ile Val Val
20 25 30
cag cag gcc aac ggc gac ctt gca tgc tct cce tte cac gtg cgt tte 144
Gln Gln Ala Asn Gly Asp Leu Ala Cys Ser Pro Phe His Val Arg Phe
35 40 45
gge aaa ctc age gtc cte cgg ccg cag gag aag gtc gte gag gtt cgg 192
Gly Lys Leu Ser Val Leu Arg Pro Gln Glu Lys Val Val Glu Val Arg
50 55 60
gtec aat ggc gaa gtc atc gee tte cec atg aag gtc gge gac gca gga 240
Val Asn Gly Glu Val Ile Ala Phe Pro Met Lys Val Gly Asp Ala Gly
65 70 75 80
gag gcc ttc ttt gtg ctc gag acc gac gac tat gtg ccg gat gag ttt 288
Glu Ala Phe Phe Val Leu Glu Thr Asp Asp Tyr Val Pro Asp Glu Phe
85 90 95
gee aca teg cct atc get ggt ceg agt gac gaa gec gac ctc gee cct 336
Ala Thr Ser Pro Ile Ala Gly Pro Ser Asp Glu Ala Asp Leu Ala Pro
100 105 110
gtt gac tac ttt gac ctg aac ggc cat cce cac ggg tct cag gac cag 384
Val Asp Tyr Phe Asp Leu Asn Gly His Pro His Gly Ser Gln Asp Gln
115 120 125
aaa c¢gg agyg cag cat cag cag caa cag dgtg ctg gag ggc atg agc gga 432
Lys Arg Arg Gln His Gln Gln Gln Gln Val Leu Glu Gly Met Ser Gly
130 135 140
cag tat cct caa gga aca gaa gac gat gct cct ctt gac aac ggc tat 480
Gln Tyr Pro Gln Gly Thr Glu Asp Asp Ala Pro Leu Asp Asn Gly Tyr
145 150 155 160
gtg agc gct get agt ggc cat gge tet get ttt gaa gag age ttg aag 528
Val Ser Ala Ala Ser Gly His Gly Ser Ala Phe Glu Glu Ser Leu Lys
165 170 175
gac gac agc gat cac gag tcg gtce tte teg gece aca tee cca gga tca 576
Asp Asp Ser Asp His Glu Ser Val Phe Ser Ala Thr Ser Pro Gly Ser
180 185 190
gca gaa cgg atc gcc gee gat tet aat act aag gac aca gca ctc gac 624
Ala Glu Arg Ile Ala Ala Asp Ser Asn Thr Lys Asp Thr Ala Leu Asp
195 200 205
ttg cct gga tce ttt gge cca acg gta gtg act aat acc atc aaa aac 672
Leu Pro Gly Ser Phe Gly Pro Thr Val Val Thr Asn Thr Ile Lys Asn
210 215 220
aag gac agc atc aac ttt cca gtt gat gcc atc ttt cct aca gtt gca 720
Lys Asp Ser Ile Asn Phe Pro Val Asp Ala Ile Phe Pro Thr Val Ala
225 230 235 240
cac gag gaa cag gac atg gct ctg atc aaa gat caa cag ggc tct cga 768
His Glu Glu Gln Asp Met Ala Leu Ile Lys Asp Gln Gln Gly Ser Arg
245 250 255
tce age cgt cge aga agt gag gtc cta ttce gat atg aca gga tac aag 816
Ser Ser Arg Arg Arg Ser Glu Val Leu Phe Asp Met Thr Gly Tyr Lys
260 265 270
acc gac tca tgc tcg gac tcg tcg gat gat gag gat ggc ttg cct cgt 864
Thr Asp Ser Cys Ser Asp Ser Ser Asp Asp Glu Asp Gly Leu Pro Arg
275 280 285
gge att cta tecg gat agt gag cgt cac ggt cgt age acg cgt aag aag 912
Gly Ile Leu Ser Asp Ser Glu Arg His Gly Arg Ser Thr Arg Lys Lys
290 295 300
ttc agg agyg agc aag tcg cac ctt tca atg gag cag agg cac caa ttg 960
Phe Arg Arg Ser Lys Ser His Leu Ser Met Glu Gln Arg His Gln Leu
305 310 315 320
ctg gag gac att aaa caa gga gcg ttc ctg aag ccc gag gaa agc ctt 1008



67

US 9,453,212 B2

-continued
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Leu

gca
Ala

Lys

aga
Arg

gece
Ala
385

cag
Gln

cgg
Arg

gte
Val

ctyg
Leu

caa
Gln
465

Lys

tgc
Cys

ttt
Phe

gca
Ala

tat
Tyr
545

cac
His

Ile

att
Ile

acce
Thr
625

Glu

aac
Asn

agg
Arg

gece
Ala
370

tat
Tyr

acg
Thr

cce
Pro

cct
Pro

cct
Pro
450

att
Ile

gag
Glu

gga
Gly

caa
Gln

att
Ile
530

tcg
Ser

cag
Gln

gca
Ala

tce
Ser

gca
Ala
610

gece
Ala

Asp

aca
Thr

gca
Ala
355

aac
Asn

gtg
Val

gat
Asp

agc
Ser

gca
Ala
435

gte
Val

acg
Thr

ttt
Phe

gag
Glu

aga
Arg
515

ctyg
Leu

tgg
Trp

cct
Pro

cat
His

aga
Arg
595

gat

Asp

get
Ala

Ile

cag
Gln
340

agc
Ser

agc
Ser

get
Ala

gtt
Val

gtt
Val
420

tct
Ser

aaa
Lys

gaa
Glu

cag
Gln

gat
Asp
500

gece
Ala

gece
Ala

agt
Ser

ctt
Leu

gecg
Ala
580

tgg
Trp

atg
Met

gte
Val

Lys
325

att
Ile

att
Ile

atg
Met

cge
Arg

gca
Ala
405

atg
Met

acce
Thr

cag
Gln

gaa
Glu

atg
Met
485

gac
Asp

cag
Gln

gac
Asp

aat
Asn

tca
Ser
565

gee

Ala

tte
Phe

gece
Ala

get
Ala

Gln

gaa
Glu

cca
Pro

cct
Pro

cga
Arg
390

atg
Met

agc
Ser

cag
Gln

gat
Asp

aag
Lys
470

gga
Gly

ttt
Phe

ttg
Leu

aag
Lys

gece
Ala
550

gac
Asp

gag
Glu

agg
Arg

tca
Ser

gtg
Val
630

Gly

cgt
Arg

agt
Ser

get
Ala
375

cct
Pro

gac
Asp

gat
Asp

ggt
Gly

aac
Asn
455

gecg
Ala

tca
Ser

gga
Gly

acce
Thr

aga
Arg
535

gtt
Val

gecg
Ala

gac
Asp

aag
Lys

gca
Ala
615

gga
Gly

Ala

caa
Gln

gca
Ala
360

ate
Ile

aac
Asn

gac
Asp

acg
Thr

aaa
Lys
440

cct
Pro

cce
Pro

aca
Thr

aag
Lys

ttt
Phe
520

ctt
Leu

cct
Pro

gece
Ala

aga
Arg

gecg
Ala
600

tce

Ser

tca
Ser

Phe

aca
Thr
345

tgg
Trp

ggt
Gly

cat
His

aag
Lys

gag
Glu
425

gag
Glu

gat
Asp

gaa
Glu

aaa
Lys

gac
Asp
505

gag
Glu

gtg
Val

cag
Gln

tct
Ser

ccg
Pro
585

cct

Pro

tcg
Ser

gat
Asp

Leu
330

tce
Ser

caa
Gln

gaa
Glu

cgt
Arg

cce
Pro
410

atg
Met

tgg
Trp

gaa
Glu

gtt
Val

tgce
Cys
490

att
Ile

gca
Ala

tgt
Cys

cte
Leu

get
Ala
570

age

Ser

gca
Ala

aca
Thr

gac
Asp

Lys

€99
Arg

gga
Gly

cca
Pro

cge
Arg
395

aag
Lys

gag
Glu

ace
Thr

gag
Glu

cct
Pro
475

cge
Arg

gtt
Val

tte
Phe

tac
Tyr

gca
Ala
555

cte
Leu

gee
Ala

gge
Gly

ace
Thr

gac
Asp
635

Pro

gca
Ala

cga
Arg

gac
Asp
380

gat
Asp

cece
Pro

tat
Tyr

tgg
Trp

gat
Asp
460

gtg
Val

gta
Val

get
Ala

tecc
Ser

atg
Met
540

gece
Ala

gac
Asp

acg
Thr

agc
Ser

ctt
Leu
620

gag
Glu

Glu

agt
Ser

agg
Arg
365

ttg
Leu

get
Ala

aag
Lys

gaa
Glu

gga
Gly
445

gag
Glu

gag
Glu

gecg
Ala

agc
Ser

aaa
Lys
525

gat
Asp

ctt
Leu

cte
Leu

cgt
Arg

gecg
Ala
605

gca
Ala

cece
Pro

Glu

agg
Arg
350

aac
Asn

gca
Ala

caa
Gln

cge
Arg

tce
Ser
430

tgg
Trp

ate
Ile

att
Ile

cte
Leu

cac
His
510

gat
Asp

999
Gly

cte
Leu

aag
Lys

ttt
Phe
590

tce

Ser

ggt
Gly

ttg
Leu

Ser
335

aaa
Lys

agg
Arg

ttt
Phe

gca
Ala

act
Thr
415

aac
Asn

gga
Gly

aag
Lys

gag
Glu

agt
Ser
495

aag
Lys

cce
Pro

cgg
Arg

ttc
Phe

gac
Asp
575

gge
Gly

cce
Pro

ggt
Gly

cac
His

Leu

aca
Thr

aag
Lys

cct
Pro

aac
Asn
400

get
Ala

aat
Asn

acg
Thr

gaa
Glu

gca
Ala
480

cte
Leu

get
Ala

gecg
Ala

ttt
Phe

ttc
Phe
560

caa
Gln

aca
Thr

tct
Ser

gag
Glu

aac
Asn
640

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1776

1824

1872

1920
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aag
Lys

gac
Asp

gca
Ala

cte
Leu

acg
Thr
705

gta
Val

gat
Asp

gece
Ala

aca
Thr

gece
Ala
785

caa
Gln

cgt
Arg

gtg
Val

agg
Arg

tecc
Ser
865

tct
Ser

tac
Tyr

gtt
Val

cgg
Arg

gga
Gly
945

gece
Ala

gac
Asp

gecg
Ala

ace
Thr
690

gte
Val

gece
Ala

att
Ile

atg
Met

gat
Asp
770

att
Ile

aac
Asn

ctyg
Leu

ttc
Phe

aac
Asn
850

tac
Tyr

tat
Tyr

ttg
Leu

gca
Ala

att
Ile
930

tct
Ser

ctyg
Leu

cac
His

gac
Asp
675

tcg
Ser

tcg
Ser

aag
Lys

gat
Asp

gece
Ala
755

att
Ile

gge
Gly

agt
Ser

ttc
Phe

aag
Lys
835

ccg
Pro

cge
Arg

ggt
Gly

get
Ala

cce
Pro
915

gat

Asp

tcg
Ser

cgt
Arg

agt
Ser
660

ggt
Gly

gaa
Glu

ttc
Phe

ate
Ile

ggt
Gly
740

ggt
Gly

cge
Arg

cag
Gln

tac
Tyr

tct
Ser
820

atg
Met

ttc
Phe

agt
Ser

gag
Glu

ttg
Leu
900

gag
Glu

cte
Leu

aca
Thr

agc
Ser
645

cag
Gln

gte
Val

cag
Gln

tca
Ser

ttt
Phe
725

aca
Thr

cge
Arg

agc
Ser

gca
Ala

cag
Gln
805

gece
Ala

gecg
Ala

tat
Tyr

gte
Val

gtg
Val
885

aat
Asn

tte
Phe

cct
Pro

teg
Ser

aaa
Lys

agc
Ser

cca
Pro

ctt
Leu

gtg
Val
710

ttg
Leu

ate
Ile

gac
Asp

aac
Asn

gac
Asp
790

cte
Leu

tte
Phe

tgt
Cys

get
Ala

aac
Asn
870

aag
Lys

gac
Asp

aac
Asn

gat
Asp

cte
Leu
950

tecc
Ser

cat
His

gat
Asp

caa
Gln
695

aca
Thr

tgg
Trp

aca
Thr

tgg
Trp

gga
Gly
775

tac
Tyr

ceg
Pro

cat
His

ctyg
Leu

gga
Gly
855

gtt
Val

ttg
Leu

cte
Leu

gac
Asp

cte
Leu
935

cte
Leu

ctyg
Leu

gte
Val

cag
Gln
680

tce
Ser

tcg
Ser

gat
Asp

aag
Lys

acg
Thr
760

tat
Tyr

aca
Thr

gat
Asp

cgt
Arg

cgt
Arg
840

ttt
Phe

cca
Pro

gag
Glu

gte
Val

tgg
Trp
920

cccC

Pro

tca
Ser

cce
Pro

get
Ala
665

aag
Lys

ttg
Leu

tce
Ser

tac
Tyr

tca
Ser
745

cat
His

cac
His

cge
Arg

gge
Gly

gag
Glu
825

gat
Asp

gga
Gly

cce
Pro

ctyg
Leu

aat
Asn
905

aac

Asn

ate
Ile

tce
Ser

cca
Pro
650

gta
Val

cge
Arg

ggt
Gly

tac
Tyr

gac
Asp
730

gat
Asp

cte
Leu

ate
Ile

aag
Lys

cct
Pro
810

gtg
Val

gtg
Val

aac
Asn

tce
Ser

cte
Leu
890

gag
Glu

ttt
Phe

cce
Pro

ace
Thr

ctg
Leu

cct
Pro

tat
Tyr

ttyg
Leu

cag
Gln
715

tce
Ser

gee
Ala

ggt
Gly

ctg
Leu

tat
Tyr
795

gte
Val

att
Ile

aag
Lys

€99
Arg

cga
Arg
875

agt
Ser

ate
Ile

tgg
Trp

aac
Asn

act
Thr
955

gag
Glu

gecg
Ala

gece
Ala

aaa
Lys
700

gga
Gly

cag
Gln

cte
Leu

gte
Val

tac
Tyr
780

ctt
Leu

ate
Ile

ate
Ile

aag
Lys

ate
Ile
860

ate
Ile

get
Ala

tte
Phe

aaa
Lys

aat
Asn
940

agc
Ser

act
Thr

ctt
Leu

aag
Lys
685

aag
Lys

act
Thr

gtg
Val

gge
Gly

gece
Ala
765

ctyg
Leu

cag
Gln

atg
Met

cgg
Arg

ctyg
Leu
845

acg
Thr

tte
Phe

tte
Phe

cca
Pro

teg
Ser
925

aat

Asn

gtg
Val

gge
Gly

tcg
Ser
670

acg
Thr

gge
Gly

gca
Ala

gtg
Val

cac
His
750

aag
Lys

ace
Thr

aag
Lys

agt
Ser

aaa
Lys
830

ttt
Phe

gac
Asp

ace
Thr

aag
Lys

gga
Gly
910

gat
Asp

tat
Tyr

gece
Ala

cgg
Arg
655

gag
Glu

ctyg
Leu

gece
Ala

act
Thr

ate
Ile
735

att
Ile

ctyg
Leu

tce
Ser

gte
Val

cca
Pro
815

cca
Pro

999
Gly

gece
Ala

att
Ile

tct
Ser
895

caa
Gln

tta
Leu

aca
Thr

aag
Lys

ace
Thr

aaa
Lys

cgg
Arg

aac
Asn

tgt
Cys
720

tcg
Ser

ttt
Phe

ttc
Phe

cga
Arg

gag
Glu
800

gac
Asp

gag
Glu

gac
Asp

cte
Leu

gac
Asp
880

tca
Ser

cga
Arg

cca
Pro

tca
Ser

aag
Lys
960

1968

2016

2064

2112

2160

2208

2256

2304

2352

2400

2448

2496

2544

2592

2640

2688

2736

2784

2832

2880
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gtg gcg tect ttg acc age tet tca teg age teg aac ctt cte cag cca 2928
Val Ala Ser Leu Thr Ser Ser Ser Ser Ser Ser Asn Leu Leu Gln Pro
965 970 975

acg tcg ccc act age cct acg gga gat ttc aag aac aag cgc ctg tcect 2976
Thr Ser Pro Thr Ser Pro Thr Gly Asp Phe Lys Asn Lys Arg Leu Ser
980 985 990

aat gac aga aac acg tat gcg ggc gtc ctt tca gga cgt cag gac aca 3024
Asn Asp Arg Asn Thr Tyr Ala Gly Val Leu Ser Gly Arg Gln Asp Thr

995 1000 1005

tgg acc agc gat gat gaa tat cag gat caa cag cag cga ctg atc 3069
Trp Thr Ser Asp Asp Glu Tyr Gln Asp Gln Gln Gln Arg Leu Ile

1010 1015 1020
gcg ggt gac tct geg ccg tca acg cca gga tca gag ttg aag gca 3114
Ala Gly Asp Ser Ala Pro Ser Thr Pro Gly Ser Glu Leu Lys Ala

1025 1030 1035
gga cag gag ctg aag gag gat gca agg aag gca cga tct ggc tcg 3159
Gly Gln Glu Leu Lys Glu Asp Ala Arg Lys Ala Arg Ser Gly Ser

1040 1045 1050
cca tcg atg ctec tet get ctt gttt cca teg cgg tta atc cge gea 3204
Pro Ser Met Leu Ser Ala Leu Val Pro Ser Arg Leu Ile Arg Ala

1055 1060 1065
gtg agg agt ggc agc atc agc agt cag acc aac cct gtg ccec teg 3249
Val Arg Ser Gly Ser Ile Ser Ser Gln Thr Asn Pro Val Pro Ser

1070 1075 1080
tcg atg c¢gg agt tcg gtt aca ccg cat teg cecc gag atg aaa ggg 3294
Ser Met Arg Ser Ser Val Thr Pro His Ser Pro Glu Met Lys Gly

1085 1090 1095
atc atc ggg tcg ctg ccg tca cca gtg tet teg ttt gag age ggt 3339
Ile Ile Gly Ser Leu Pro Ser Pro Val Ser Ser Phe Glu Ser Gly

1100 1105 1110
gcg gat gtg gtg cgt cgg atg tcc att cce tcg cct cca ccg ttg 3384
Ala Asp Val Val Arg Arg Met Ser Ile Pro Ser Pro Pro Pro Leu

1115 1120 1125
gag ggg ctg ctc cag acg gat gag gag gtg gct cag gca tcg age 3429
Glu Gly Leu Leu Gln Thr Asp Glu Glu Val Ala Gln Ala Ser Ser

1130 1135 1140
aag gcg ctg gcg ctt cag gga tcg gac aca gca gat ttg agce aga 3474
Lys Ala Leu Ala Leu Gln Gly Ser Asp Thr Ala Asp Leu Ser Arg

1145 1150 1155
gag agc agt gtt cag gcc aag agt gat gtg atg gac gac ctt gtg 3519
Glu Ser Ser Val Gln Ala Lys Ser Asp Val Met Asp Asp Leu Val

1160 1165 1170
gcg gtc aag gag gaa gag gag gac gag acc gat cag cag cgg ttg 3564
Ala Val Lys Glu Glu Glu Glu Asp Glu Thr Asp Gln Gln Arg Leu

1175 1180 1185
ctg gat gca gcg tat gtg gat gag tat gtg gat gag gag gat gag 3609
Leu Asp Ala Ala Tyr Val Asp Glu Tyr Val Asp Glu Glu Asp Glu

1190 1195 1200
gag gga tat gat gga tat gac gag cag ggt gag gat gag atg gac 3654
Glu Gly Tyr Asp Gly Tyr Asp Glu Gln Gly Glu Asp Glu Met Asp

1205 1210 1215
gag gag gat gag gag gac gag tat ctg gat gag att gag gag act 3699
Glu Glu Asp Glu Glu Asp Glu Tyr Leu Asp Glu Ile Glu Glu Thr

1220 1225 1230
ctg gag gag ccg ttc ctg 3717
Leu Glu Glu Pro Phe Leu

1235

<210> SEQ ID NO 7
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<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Glu

Gln

Gly

65

Glu

Ala

Lys

Gln

145

Asp

Ala

Leu

Lys

225

Ser

Thr

Gly

Phe

305

Leu

Ala

Lys

Arg

Ala

Tyr

Ile

Gln

Lys

50

Asn

Ala

Thr

Asp

Arg

130

Tyr

Ser

Asp

Glu

Pro

210

Asp

Glu

Ser

Asp

Ile

290

Arg

Glu

Asn

Arg

Ala
370

Tyr

Ser

Asn

Ala

Leu

Gly

Phe

Ser

Tyr

115

Arg

Pro

Ala

Ser

Arg

195

Gly

Ser

Glu

Arg

Ser

275

Leu

Arg

Asp

Thr

Ala
355

Asn

Val

Val

Pro

20

Asn

Ser

Glu

Phe

Pro

100

Phe

Gln

Gln

Ala

Asp

180

Ile

Ser

Ile

Gln

Arg

260

Cys

Ser

Ser

Ile

Gln

340

Ser

Ser

Ala

1239

Mortierella

Gly

Ala

Gly

Val

Val

Val

85

Ile

Asp

His

Gly

Ser

165

His

Ala

Phe

Asn

Asp

245

Arg

Ser

Asp

Lys

Lys

325

Ile

Ile

Met

Arg

Asn

Thr

Asp

Leu

Ile

70

Leu

Ala

Leu

Gln

Thr

150

Gly

Glu

Ala

Gly

Phe

230

Met

Ser

Asp

Ser

Ser

310

Gln

Glu

Pro

Pro

Arg

Phe

Leu

Leu

Arg

55

Ala

Glu

Gly

Asn

Gln

135

Glu

His

Ser

Asp

Pro

215

Pro

Ala

Glu

Ser

Glu

295

His

Gly

Arg

Ser

Ala
375

Pro

alpina

Phe

Ser

Ala

Pro

Phe

Thr

Pro

Gly

120

Gln

Asp

Gly

Val

Ser

200

Thr

Val

Leu

Val

Ser

280

Arg

Leu

Ala

Gln

Ala
360

Ile

Asn

Ser

Gly

25

Cys

Gln

Pro

Asp

Ser

105

His

Gln

Asp

Ser

Phe

185

Asn

Val

Asp

Ile

Leu

265

Asp

His

Ser

Phe

Thr
345
Trp

Gly

His

Thr

10

Ala

Ser

Glu

Met

Asp

90

Asp

Pro

Val

Ala

Ala

170

Ser

Thr

Val

Ala

Lys

250

Phe

Asp

Gly

Met

Leu

330

Ser

Gln

Glu

Arg

Val

Ile

Pro

Lys

Lys

75

Tyr

Glu

His

Leu

Pro

155

Phe

Ala

Lys

Thr

Ile

235

Asp

Asp

Glu

Arg

Glu

315

Lys

Arg

Gly

Pro

Arg

Thr

Asp

Phe

Val

60

Val

Val

Ala

Gly

Glu

140

Leu

Glu

Thr

Asp

Asn

220

Phe

Gln

Met

Asp

Ser

300

Gln

Pro

Ala

Arg

Asp

380

Asp

Lys

Ile

His

Val

Gly

Pro

Asp

Ser

125

Gly

Asp

Glu

Ser

Thr

205

Thr

Pro

Gln

Thr

Gly

285

Thr

Arg

Glu

Ser

Arg
365

Leu

Ala

Phe

Ile

30

Val

Glu

Asp

Asp

Leu

110

Gln

Met

Asn

Ser

Pro

190

Ala

Ile

Thr

Gly

Gly

270

Leu

Arg

His

Glu

Arg
350
Asn

Ala

Gln

Tyr

15

Val

Arg

Val

Ala

Glu

95

Ala

Asp

Ser

Gly

Leu

175

Gly

Leu

Lys

Val

Ser

255

Tyr

Pro

Lys

Gln

Ser

335

Lys

Arg

Phe

Ala

Asn

Val

Phe

Arg

Gly

80

Phe

Pro

Gln

Gly

Tyr

160

Lys

Ser

Asp

Asn

Ala

240

Arg

Lys

Arg

Lys

Leu

320

Leu

Thr

Lys

Pro

Asn
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385

Gln

Arg

Leu

Gln

465

Lys

Cys

Phe

Ala

Tyr

545

Lys

Ile

Ile

Thr

625

Lys

Asp

Ala

Leu

Thr

705

Asp

Ala

Thr

Ala
785

Gln

Thr

Pro

Pro

Pro

450

Ile

Glu

Gly

Gln

Ile

530

Ser

Gln

Ala

Ser

Ala

610

Ala

Ala

Asp

Ala

Thr

690

Val

Ala

Ile

Met

Asp
770

Ile

Asn

Asp

Ser

Ala

435

Val

Thr

Phe

Glu

Arg

515

Leu

Trp

Pro

His

Arg

595

Asp

Ala

Leu

His

Asp

675

Ser

Ser

Lys

Asp

Ala
755
Ile

Gly

Ser

Val

Val

420

Ser

Lys

Glu

Gln

Asp

500

Ala

Ala

Ser

Leu

Ala

580

Trp

Met

Val

Arg

Ser

660

Gly

Glu

Phe

Ile

Gly

740

Gly

Arg

Gln

Tyr

Ala

405

Met

Thr

Gln

Glu

Met

485

Asp

Gln

Asp

Asn

Ser

565

Ala

Phe

Ala

Ala

Ser

645

Gln

Val

Gln

Ser

Phe

725

Thr

Arg

Ser

Ala

Gln
805

390

Met

Ser

Gln

Asp

Lys

470

Gly

Phe

Leu

Lys

Ala

550

Asp

Glu

Arg

Ser

Val

630

Lys

Ser

Pro

Leu

Val

710

Leu

Ile

Asp

Asn

Asp
790

Leu

Asp

Asp

Gly

Asn

455

Ala

Ser

Gly

Thr

Arg

535

Val

Ala

Asp

Lys

Ala

615

Gly

Ser

His

Asp

Gln

695

Thr

Trp

Thr

Trp

Gly

775

Tyr

Pro

Asp

Thr

Lys

440

Pro

Pro

Thr

Lys

Phe

520

Leu

Pro

Ala

Arg

Ala

600

Ser

Ser

Leu

Val

Gln

680

Ser

Ser

Asp

Lys

Thr

760

Tyr

Thr

Asp

Lys

Glu

425

Glu

Asp

Glu

Lys

Asp

505

Glu

Val

Gln

Ser

Pro

585

Pro

Ser

Asp

Pro

Ala

665

Lys

Leu

Ser

Tyr

Ser

745

His

His

Arg

Gly

Pro

410

Met

Trp

Glu

Val

Cys

490

Ile

Ala

Cys

Leu

Ala

570

Ser

Ala

Thr

Asp

Pro

650

Val

Arg

Gly

Tyr

Asp

730

Asp

Leu

Ile

Lys

Pro
810

395

Lys

Glu

Thr

Glu

Pro

475

Arg

Val

Phe

Tyr

Ala

555

Leu

Ala

Gly

Thr

Asp

635

Leu

Pro

Tyr

Leu

Gln

715

Ser

Ala

Gly

Leu

Tyr
795

Val

Pro

Tyr

Trp

Asp

460

Val

Val

Ala

Ser

Met

540

Ala

Asp

Thr

Ser

Leu

620

Glu

Glu

Ala

Ala

Lys

700

Gly

Gln

Leu

Val

Tyr
780

Leu

Ile

Lys

Glu

Gly

445

Glu

Glu

Ala

Ser

Lys

525

Asp

Leu

Leu

Arg

Ala

605

Ala

Pro

Thr

Leu

Lys

685

Lys

Thr

Val

Gly

Ala
765
Leu

Gln

Met

Arg

Ser

430

Trp

Ile

Ile

Leu

His

510

Asp

Gly

Leu

Lys

Phe

590

Ser

Gly

Leu

Gly

Ser

670

Thr

Gly

Ala

Val

His

750

Lys

Thr

Lys

Ser

Thr

415

Asn

Gly

Lys

Glu

Ser

495

Lys

Pro

Arg

Phe

Asp

575

Gly

Pro

Gly

His

Arg

655

Glu

Leu

Ala

Thr

Ile

735

Ile

Leu

Ser

Val

Pro
815

400

Ala

Asn

Thr

Glu

Ala

480

Leu

Ala

Ala

Phe

Phe

560

Gln

Thr

Ser

Glu

Asn

640

Thr

Lys

Arg

Asn

Cys

720

Ser

Phe

Phe

Arg

Glu
800

Asp
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Arg Leu Phe Ser Ala Phe His Arg Glu Val Ile Ile Arg Lys Pro Glu
820 825 830

Val Phe Lys Met Ala Cys Leu Arg Asp Val Lys Lys Leu Phe Gly Asp
835 840 845

Arg Asn Pro Phe Tyr Ala Gly Phe Gly Asn Arg Ile Thr Asp Ala Leu
850 855 860

Ser Tyr Arg Ser Val Asn Val Pro Pro Ser Arg Ile Phe Thr Ile Asp
865 870 875 880

Ser Tyr Gly Glu Val Lys Leu Glu Leu Leu Ser Ala Phe Lys Ser Ser
885 890 895

Tyr Leu Ala Leu Asn Asp Leu Val Asn Glu Ile Phe Pro Gly Gln Arg
900 905 910

Val Ala Pro Glu Phe Asn Asp Trp Asn Phe Trp Lys Ser Asp Leu Pro
915 920 925

Arg Ile Asp Leu Pro Asp Leu Pro Ile Pro Asn Asn Asn Tyr Thr Ser
930 935 940

Gly Ser Ser Thr Ser Leu Leu Ser Ser Thr Thr Ser Val Ala Lys Lys
945 950 955 960

Val Ala Ser Leu Thr Ser Ser Ser Ser Ser Ser Asn Leu Leu Gln Pro
965 970 975

Thr Ser Pro Thr Ser Pro Thr Gly Asp Phe Lys Asn Lys Arg Leu Ser
980 985 990

Asn Asp Arg Asn Thr Tyr Ala Gly Val Leu Ser Gly Arg Gln Asp Thr
995 1000 1005

Trp Thr Ser Asp Asp Glu Tyr Gln Asp Gln Gln Gln Arg Leu Ile
1010 1015 1020

Ala Gly Asp Ser Ala Pro Ser Thr Pro Gly Ser Glu Leu Lys Ala
1025 1030 1035

Gly Gln Glu Leu Lys Glu Asp Ala Arg Lys Ala Arg Ser Gly Ser
1040 1045 1050

Pro Ser Met Leu Ser Ala Leu Val Pro Ser Arg Leu Ile Arg Ala
1055 1060 1065

Val Arg Ser Gly Ser Ile Ser Ser Gln Thr Asn Pro Val Pro Ser
1070 1075 1080

Ser Met Arg Ser Ser Val Thr Pro His Ser Pro Glu Met Lys Gly
1085 1090 1095

Ile Ile Gly Ser Leu Pro Ser Pro Val Ser Ser Phe Glu Ser Gly
1100 1105 1110

Ala Asp Val Val Arg Arg Met Ser Ile Pro Ser Pro Pro Pro Leu
1115 1120 1125

Glu Gly Leu Leu Gln Thr Asp Glu Glu Val Ala Gln Ala Ser Ser
1130 1135 1140

Lys Ala Leu Ala Leu Gln Gly Ser Asp Thr Ala Asp Leu Ser Arg
1145 1150 1155

Glu Ser Ser Val Gln Ala Lys Ser Asp Val Met Asp Asp Leu Val
1160 1165 1170

Ala Val Lys Glu Glu Glu Glu Asp Glu Thr Asp Gln Gln Arg Leu
1175 1180 1185

Leu Asp Ala Ala Tyr Val Asp Glu Tyr Val Asp Glu Glu Asp Glu
1190 1195 1200

Glu Gly Tyr Asp Gly Tyr Asp Glu Gln Gly Glu Asp Glu Met Asp
1205 1210 1215
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80

Glu Glu Asp Glu Glu Asp Glu Tyr Leu Asp Glu Ile Glu Glu Thr
1220 1225 1230

Leu Glu Glu Pro Phe Leu
1235

<210> SEQ ID NO 8

<211> LENGTH: 3720

<212> TYPE: DNA

<213> ORGANISM: Mortierella alpina

<400> SEQUENCE: 8

atgtattctyg tcgggaactt cttctegace gttacgaaat tctacaatga gatcaacccce
gecacectet cecggegcaat cgacatcatce gtegtccage aggccaacgyg cgaccttgea
tgctctecect teccacgtgeg ttteggcaaa ctecagegtece tecggecgca ggagaaggte
gtcgaggtte gggtcaatgg cgaagtcatce gecttceccca tgaaggtegyg cgacgcagga
gaggccttet ttgtgctcga gaccgacgac tatgtgcegg atgagtttge cacatcgect
atcgctggte cgagtgacga agccgaccte geccctgttg actactttga cctgaacgge
catccccacyg ggtctcagga ccagaaacgg aggcageatce agcagcaaca ggtgetggag
ggcatgagceg gacagtatcc tcaaggaaca gaagacgatg ctectcettga caacggetat
gtgagcegetyg ctagtggeca tggetcetget tttgaagaga gettgaagga cgacagegat
cacgagtcgg tcttetegge cacatcccca ggatcagcag aacggatege cgecgattet
aatactaagg acacagcact cgacttgect ggatectttg geccaacggt agtgactaat
accatcaaaa acaaggacag catcaacttt ccagttgatg ccatctttce tacagttgca
cacgaggaac aggacatgge tctgatcaaa gatcaacagg getctegate cagecegtege
agaagtgagg tcctattecga tatgacagga tacaagaceg actcatgete ggactcegteg
gatgatgagg atggcttgece tegtggecatt ctatcggata gtgagegtca cggtegtage
acgcgtaaga agttcaggag gagcaagtceg cacctttcaa tggagcagag gcaccaattg
ctggaggaca ttaaacaagg agcgtteetg aagcccgagg aaagecttge aaacacacag
attgaacgtc aaacatcccg ggcaagtagg aaaacaaaga gggcaagcat tccaagtgca
tggcaaggac gaaggaacag gaagagagcce aacagcatge ctgctategg tgaaccagac
ttggcattte ctgcctatgt ggctegecga cctaaccate gtegegatge tcaagcaaac
cagacggatyg ttgcaatgga cgacaagecce aagcccaage geactgeteg geccagegtt
atgagcgata cggagatgga gtatgaatce aacaatgtec ctgcatctac ccagggtaaa
gagtggacct ggggatgggg aacgctgect gtcaaacagg ataaccctga tgaagaggat
gagatcaagg aacaaattac ggaagaaaag gcgcccgaag ttectgtgga gattgaggea
aaggagtttc agatgggatc aacaaaatge cgegtagege tcagtetetg cggagaggat
gactttggaa aggacattgt tgctagccac aaggctttte aaagagccca gttgaccttt
gaggcattct ccaaagatcc cgcggcaatt ctggccgaca agagacttgt gtgttacatg
gatgggeggt tttattegtg gagtaatgece gttectcage tegcagecct tetettette
caccagecte tttcagacge ggectcetget ctegacctea aggaccaaaa ggcacatgeg
gecgaggaca gaccgagcege cacgcegtttt ggcacaatct ccagatggtt caggaaggeg
cctgecaggea gegegtecee ctetattgea gatatggect cagecatccete gacaaccctt
gecaggtggtyg agaccgccge tgtegetgtyg ggatcagatg acgacgagec cttgcacaac

aaggccctge gtagcaaatce cctgecceca ctggagactg gecggacega cgaccacagt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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cagagccatg tcgctgtacce tgcgetttcecg gagaaagcag cggacggtgt cccagatcag 2040
aagcgctatg ccaagacgct geggctcacce tcggaacagce ttcaatcctt gggtttgaaa 2100
aagggcgcca acacggtcete gttctcagtg acatcgtect accagggaac tgcaacttgt 2160
gtagccaaga tcectttttgtg ggattacgac tcccaggtgg tgatctcgga tattgatggt 2220
acaatcacaa agtcagatgc cctcggccac atttttgceca tggccggteg cgactggacg 2280
catctcggtg tecgccaaget gttcacagat attcgcagca acggatatca catcctgtac 2340
ctgacctcce gagccattgg ccaggcagac tacacacgca agtatcttca gaaggtcgag 2400
caaaacagtt accagctccc ggatggccct gtcatcatga gtccagaccg tetgttetet 2460
gccttecate gtgaggtgat tatccggaaa ccagaggtgt tcaagatggce gtgtctgegt 2520
gatgtgaaga agctgtttgg ggacaggaac ccgttctatg ctggatttgg aaaccggatc 2580
acggacgccce tctcectacceg cagtgtcaac gttceccaccect cccgaatctt caccattgac 2640
tcttatggtg aggtgaagtt ggagctgctce agtgctttca agtcttcata cttggcetttg 2700
aatgacctcg tcaatgagat cttcccagga caacgagttg cacccgagtt caacgactgg 2760
aacttttgga aatcggattt accacggatt gatctccctg atctccccat ccccaacaat 2820
aattatacat caggatcttc gacatcgctc ctcectcatcca ccactagcgt ggccaagaag 2880
gtggcgtett tgaccagcte ttcatcgage tcgaacctte tceccagccaac gtcegceccact 2940
agccctacgg gagatttcaa gaacaagcgce ctgtctaatg acagaaacac gtatgcgggce 3000
gtcectttecag gacgtcagga cacatggacc agcgatgatg aatatcagga tcaacagcag 3060
cgactgateg cgggtgactce tgcgcegtca acgccaggat cagagttgaa ggcaggacag 3120
gagctgaagg aggatgcaag gaaggcacga tctggctcge catcgatget ctetgctett 3180
gttccatege ggttaatccg cgcagtgagg agtggcagca tcagcagtca gaccaaccct 3240
gtgcecctegt cgatgcggag tteggttaca ccgcattcge ccgagatgaa agggatcatce 3300
gggtecgctge cgtcaccagt gtecttegttt gagageggtg cggatgtggt gcgtcecggatg 3360
tcecattecct cgectceccace gttggagggg ctgctccaga cggatgagga ggtggctcag 3420
gcatcgagea aggcgetgge gcettcaggga tcggacacag cagatttgag cagagagagce 3480
agtgttcagg ccaagagtga tgtgatggac gaccttgtgg cggtcaagga ggaagaggag 3540
gacgagaccg atcagcagcg gttgctggat gcagcgtatg tggatgagta tgtggatgag 3600
gaggatgagyg agggatatga tggatatgac gagcagggtg aggatgagat ggacgaggag 3660
gatgaggagg acgagtatct ggatgagatt gaggagactc tggaggagcc gttecctgtag 3720
<210> SEQ ID NO 9
<211> LENGTH: 3846
<212> TYPE: DNA
<213> ORGANISM: Mortierella alpina
<400> SEQUENCE: 9
ccttegeate accagecctt ctegtectte tegtecttet cteccacceg cctetettee 60
cacgccacac catgtattct gtcgggaact tcettetcgac cgttacgaaa ttctacaatg 120
agatcaaccce cgccacccte tccggegcaa tcgacatcat cgtegtcecag caggecaacyg 180
gegaccttge atgetectccee ttcecacgtge gttteggcaa actcagegte ctecggecege 240
aggagaaggt cgtcgaggtt cgggtcaatg gcgaagtcat cgecttcccee atgaaggtceg 300
gegacgcagyg agaggectte tttgtgcteg agaccgacga ctatgtgecg gatgagtttg 360
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ccacatcgee tatcgetggt ccgagtgacg aagccgacct cgeccctgtt gactactttg 420
acctgaacgg ccatccccac gggtctcagg accagaaacg gaggcagcat cagcagcaac 480
aggtgctgga gggcatgagce ggacagtatc ctcaaggaac agaagacgat gctectettg 540
acaacggcta tgtgagcgct gectagtggece atggetctge ttttgaagag agcttgaagg 600
acgacagcga tcacgagtcg gtecttcetegg ccacatcceee aggatcagca gaacggatcg 660
ccgecgatte taatactaag gacacagcac tcgacttgece tggatccttt ggcccaacgg 720
tagtgactaa taccatcaaa aacaaggaca gcatcaactt tccagttgat gccatcttte 780
ctacagttgce acacgaggaa caggacatgg ctctgatcaa agatcaacag ggctctcgat 840
ccagecgteg cagaagtgag gtcctattceg atatgacagg atacaagacc gactcatget 900
cggactegte ggatgatgag gatggettge ctegtggeat tcetatcggat agtgagegte 960
acggtcgtag cacgcgtaag aagttcagga ggagcaagtc gcacctttca atggagcaga 1020
ggcaccaatt gctggaggac attaaacaag gagcgttcct gaagcccgag gaaagcecttg 1080
caaacacaca gattgaacgt caaacatccc gggcaagtag gaaaacaaag agggcaagca 1140
ttccaagtge atggcaagga cgaaggaaca ggaagagagce caacagcatyg cctgctatcg 1200
gtgaaccaga cttggcattt cctgcctatg tggctcgceg acctaaccat cgtecgcgatg 1260
ctcaagcaaa ccagacggat gttgcaatgg acgacaagec caagcccaag cgcactgcete 1320
ggcccagegt tatgagcgat acggagatgg agtatgaatc caacaatgtc cctgcatcta 1380
cccagggtaa agagtggacce tggggatggg gaacgctgece tgtcaaacag gataaccctg 1440
atgaagagga tgagatcaag gaacaaatta cggaagaaaa ggcgcccgaa gttectgtgg 1500
agattgaggc aaaggagttt cagatgggat caacaaaatg ccgcgtagcg ctcagtctcet 1560
gcggagagga tgactttgga aaggacattg ttgctagcca caaggctttt caaagagccce 1620
agttgacctt tgaggcattc tccaaagatc ccgcggcaat tcectggccgac aagagacttg 1680
tgtgttacat ggatgggcgg ttttattcgt ggagtaatgc cgttcecctcag ctecgcagecce 1740
ttectettett ccaccagect ctttcagacg cggectetge tectcecgaccte aaggaccaaa 1800
aggcacatgc ggccgaggac agaccgageg ccacgcegttt tggcacaatce tccagatggt 1860
tcaggaaggc gcctgcaggce agcgcegtcece cctectattge agatatggece tcagcatcct 1920
cgacaaccct tgcaggtggt gagaccgccg ctgtcecgetgt gggatcagat gacgacgagce 1980
ccttgcacaa caaggccctg cgtagcaaat cectgcceee actggagact ggccggaccyg 2040
acgaccacag tcagagccat gtcgctgtac ctgecgctttce ggagaaagca gcggacggtg 2100
tceccagatca gaagcgctat gccaagacgce tgcggctcac ctcggaacag cttcaatcct 2160
tgggtttgaa aaagggcgcc aacacggtct cgttctcagt gacatcgtcecce taccagggaa 2220
ctgcaacttg tgtagccaag atctttttgt gggattacga ctcccaggtg gtgatctegg 2280
atattgatgg tacaatcaca aagtcagatg ccctcggcca catttttgece atggccggte 2340
gcgactggac gcatctcggt gtcegccaage tgttcacaga tattcgcagc aacggatatce 2400
acatcctgta cctgacctec cgagccattg gccaggcaga ctacacacgce aagtatctte 2460
agaaggtcga gcaaaacagt taccagctcce cggatggccc tgtcatcatg agtccagacc 2520
gtctgttete tgecctteccat cgtgaggtga ttatccggaa accagaggtg ttcaagatgg 2580
cgtgtetgeg tgatgtgaag aagctgtttg gggacaggaa cccgttctat getggatttg 2640
gaaaccggat cacggacgcce ctcectcectacce gcagtgtcaa cgttccaccce tceccgaatct 2700
tcaccattga ctcttatggt gaggtgaagt tggagctgct cagtgctttce aagtcttcat 2760
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acttggcttt gaatgacctc gtcaatgaga tcttcccagg acaacgagtt gcacccgagt 2820
tcaacgactg gaacttttgg aaatcggatt taccacggat tgatctccct gatctcecccca 2880
tcecccaacaa taattataca tcaggatctt cgacatcget cctcectcatce accactageg 2940
tggccaagaa ggtggcgtcet ttgaccagct cttcatcgag ctcgaacctt ctccagccaa 3000
cgtcgeccac tagcecctacg ggagatttca agaacaagcg cctgtctaat gacagaaaca 3060
cgtatgeggg cgtcectttca ggacgtcagg acacatggac cagcgatgat gaatatcagg 3120
atcaacagca gcgactgatc gegggtgact ctgcgcegtce aacgccagga tcagagttga 3180
aggcaggaca ggagctgaag gaggatgcaa ggaaggcacyg atctggcteg ccatcgatge 3240
tctetgetet tgttceccateg cggttaatce gcgcagtgag gagtggcage atcagcagtce 3300
agaccaaccce tgtgcccteg tcegatgegga gtteggttac accgcatteg cccgagatga 3360
aagggatcat cgggtcgctg ccgtcaccag tgtcecttegtt tgagagcggt geggatgtgg 3420
tgcgtecggat gtccattcececce tegecteccac cgttggaggg gcectgctceccag acggatgagg 3480
aggtggctca ggcatcgagce aaggcgctgg cgcttcaggg atcggacaca gcagatttga 3540
gcagagagag cagtgttcag gccaagagtg atgtgatgga cgaccttgtg gcggtcaagg 3600
aggaagagga ggacgagacc gatcagcagc ggttgctgga tgcagcgtat gtggatgagt 3660
atgtggatga ggaggatgag gagggatatg atggatatga cgagcagggt gaggatgaga 3720
tggacgagga ggatgaggag gacgagtatc tggatgagat tgaggagact ctggaggagc 3780
cgttcecctgta gacgegtttt ataatttttg taaaagttcce cttgttgtaa aaaaaaaaaa 3840
aaaaaa 3846
<210> SEQ ID NO 10
<211> LENGTH: 4552
<212> TYPE: DNA
<213> ORGANISM: Mortierella alpina
<400> SEQUENCE: 10
atgtattctg tcgggaactt cttctcgace gttacgaaat tctacaatga gatcaaccce 60
gecaccctet ceggegcaat cgacatcatce gtegtecage aggccaacgg cgaccttgea 120
tgctectcect tccacgtgeg tttcecggecaaa ctcagegtece tecggcecgea ggagaaggte 180
gtegaggtte gggtcaatgg cgaagtcatc gectteccca tgaaggtegg cgacgcagga 240
gaggcecttet ttgtgctcga gaccgacgac tatgtgecegg atgagtttge cacatcgect 300
atcgetggte cgagtgacga agccgaccte geccctgttyg actactttga cctgaacgge 360
catcecccacg ggtctcagga ccagaaacgg aggcagcatce agcagcaaca ggtgetggag 420
ggcatgageyg gacagtatcce tcaaggaaca gaaggtagag atcgatatga acactatgaa 480
cgcacgatgg cgtctttage ccactgtcag tgtcagtgea gcacagcetgt gttgtaaaag 540
cgttgacata tgtcagagcg cattttttet tcaatattte agacgcageyg gtcaggacaa 600
acacatggga ttatatatga atatactcaa tcgatcgcac tctttectttt tgttctecccg 660
cggctatcaa tagacgatgc tcctcttgac aacggctatyg tgagegcetge tagtggccat 720
ggctetgett ttgaagagag cttgaaggac gacagcgatce acgagteggt ctteteggece 780
acatccccag gatcagcaga acggatcgec gecgattcta atactaagga cacagcacte 840
gacttgcctyg gatcctttgg cccaacggta gtgactaata ccatcaaaaa caaggacagce 900
atcaacttte cagttgatgc catctttect acagttgcac acgaggaaca ggacatggcet 960
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ctgatcaaag atcaacaggg ctctcgatcce agcecgtcegca gaagtggtac gatgttctta 1020
ctgaacttta tataccatga tctctgctge atatgattcce gettcceccgta ctatgcectcetg 1080
ctgtcggcat tcctaaccat attttatccg ttaatgtttg ttttgggcgt tcgaattgat 1140
gcagaggtcc tattcgatat gacaggatac aagaccgact catgctcgga ctcegtcggat 1200
gatgaggatg gcttgcctceg tggcattcta tcggatagtg agcgtcacgg tcgtagcacy 1260
cgtaagaagt tcaggaggag caagtcgcac ctttcaatgg agcagaggca ccaattgcectg 1320
gaggacatta aacaaggagc gttcctgaag cccgaggaaa gecttgcaaa cacacagatt 1380
gaacgtcaaa gtaggcacac tagtttatcg caccttgatg atcatctcag cgacgtctcect 1440
gccccaacte actcttgata tttttttttt atcttcagca tceccgggcaa gtaggaaaac 1500
aaagagggca agcattccaa gtgcatggca aggacgaagg aacaggaaga gagccaacag 1560
catgcctget atcggtgaac caggtagcga tcatgtacca tatggaagga gtaactgtta 1620
gaaattgcag tcagctaata tgttttataa ctcttgtaca gacttggcat ttcctgecta 1680
tgtggctege cgacctaacc atcgtcgcga tgctcaagca aaccagacgg atgttgcaat 1740
ggacgacaag cccaagccca agcgcactge teggceccage gttatgageg atacggagat 1800
ggaggtaaga atcgcaactt gacataaatt acagtgtatc gatcgacctg tggcctcagt 1860
gactactgtt actcatctgc ttttcgcaaa cgttctgcaa ctagtatgaa tccaacaatg 1920
tcectgecate tacccagggt aaagagtgga cctggggatg gggaacgctg cctgtcaaac 1980
aggataaccce tgatgaagag gatgagatca aggaacaaat tacggaagaa aaggcgcccyg 2040
aagttcctgt ggagattgag gcaaaggagt ttcagatggg atcaacaaaa tgccgcgtag 2100
cgctcagtcect ctgcggagag gatgactttg gaaaggacat tgtaggttac catcgcagtce 2160
cttactcecct ttactcagtc atcagtacgt cgttggtatt tgaattgcag tttaacatgt 2220
ggcctectget tgtgatatag gttgctagece acaaggcttt tcaaagagcec cagttgacct 2280
ttgaggcatt ctccaaagat cccgcggcaa ttctggecga caagagactt gtgtgttaca 2340
tggatgggcg gttttatteg tggagtaatg ccgttcectca gectcecgcagee cttetettet 2400
tccaccagece tetttcagac geggectcectg ctetcecgacct caaggaccaa aaggcacatg 2460
cggccgagga cagaccgagce gccacgegtt ttggcacaat ctecagatgyg ttcaggaagg 2520
cgectgcagg cagcgcgtece cectctattg cagatatgge ctcagcatce tcgacaaccce 2580
ttgcaggtgg tgagaccgcc gectgtegetg tgggatcaga tgacgacgag cccttgcaca 2640
acaaggccct gcegtagcaaa tccctgeccece cactggagac tggecggacce gacgaccaca 2700
gtcagagcca tgtcgctgta cctgecgettt cggagaaagce agcggacggt gtcccagatce 2760
agaagcgcta tgccaagacg ctgcggctca cctecggaaca gcecttcaatce ttgggtttga 2820
aaaagggcgce caacacggtce tecgttctcag tgacatcegtce ctaccaggga actgcaactt 2880
gtgtagccaa gatctttttg tgggattacg actcccaggt ggtgatctcg gatattgatg 2940
gtacaatcac aaagtcagat gccctcggec acatttttge catggccggt cgcgactgga 3000
cgcatctegg tgtcgccaag ctgttcacag atattcgcag caacggatat cacatcctgt 3060
acctgacctce ccgagccatt ggccaggcag actacacacg caagtatctt cagaaggtcg 3120
agcaaaacag ttaccagctc ccggatggce ctgtcatcat gagtccagac cgtctgttcet 3180
ctgcctteca tegtgaggtyg attatccgga aaccagaggt gttcaagatg gegtgtcetgce 3240
gtgatgtgaa gaagctgttt ggggacagga acccgttcta tgctggattt ggaaaccgga 3300
tcacggacgce cctctcectac cgcagtgtca acgttccacce ctcecceccgaatce ttcaccattg 3360
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actcttatgg tgaggtgaag ttggagctgce tcagtgcttt caagtctteg taagtgtcte 3420
tgctttecac ggcaatcaga agtgtgaaag aaggaatcaa agtggcgttt ttattatctce 3480
tcettecatta cttatccteg ttacaacttt gtacggtaga tacttggctt tgaatgacct 3540
cgtcaatgag atcttcccag gacaacgagt tgcacccgag ttcaacgact ggaacttttg 3600
gaaatcggat ttaccacgga ttgatctccc tgatctccec atccccaaca ataattatac 3660
atcaggatct tcgacatcge tectctcate caccactage gtggccaaga aggtggcgtce 3720
tttgaccagce tcttcatcga gctcgaacct tctceccageca acgtcgccca ctagcecctac 3780
gggagatttc aagaacaagc gcctgtctaa tgacagaaac acgtatgcgg gcgtecttte 3840
aggacgtcag gacacatgga ccagcgatga tgaatatcag gatcaacagce agcgactgat 3900
cgegggtgac tetgegeegt caacgccagg atcagagttyg aaggcaggac aggagctgaa 3960
ggaggatgca aggaaggcac gatctggctc gccatcgatg ctetcetgetce ttgttccatce 4020
gcggttaate cgcgcagtga ggagtggcag catcagcagt cagaccaacc ctgtgcectce 4080
gtcgatgegg agttcecggtta caccgcattc gecccgagatg aaagggatca tcgggteget 4140
gccgtcacca gtgtettegt ttgagagegg tgcggatgtg gtgcgtegga tgtceccattcece 4200
ctcgecteca cegttggagg ggctgctcecca gacggatgag gaggtggcte aggcatcgag 4260
caaggcgctg gecgcttcagg gatcggacac agcagatttg agcagagaga gcagtgttca 4320
ggccaagagt gatgtgatgg acgaccttgt ggcggtcaag gaggaagagg aggacgagac 4380
cgatcagcag cggttgctgg atgcagcgta tgtggatgag tatgtggatg aggaggatga 4440
ggagggatat gatggatatg acgagcaggg tgaggatgag atggacgagg aggatgagga 4500
ggacgagtat ctggatgaga ttgaggagac tctggaggag ccgttectgt ag 4552
<210> SEQ ID NO 11
<211> LENGTH: 23
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer MAPAH1-1-3F
<400> SEQUENCE: 11
cgccaataca ttgacgtttt cag 23
<210> SEQ ID NO 12
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer MaPAH1-1-5R
<400> SEQUENCE: 12
agttccagtc attgaactcg ggtgce 25
<210> SEQ ID NO 13
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer MaPAH1-2-3F
<400> SEQUENCE: 13
gagcccagtt gacctttgag gcattce 26

<210> SEQ ID NO 14
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<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer MaPAH1-2-5R

<400> SEQUENCE: 14

cactgagaac gagaccgtgt tggeg

<210> SEQ ID NO 15

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer NotI-PAH1-1-F

<400> SEQUENCE: 15

geggecgeat gcagtcegtg ggaag

<210> SEQ ID NO 16

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer MaPAH1-1-10R

<400> SEQUENCE: 16

ttcttgagta gctgetgttg tteg

<210> SEQ ID NO 17

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer KpnI-PAH1-F

<400> SEQUENCE: 17

ggtaccatge agtacgtagg cagagctce

<210> SEQ ID NO 18

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer XhoI-PAH1-R
<400> SEQUENCE: 18

ctcgagttaa tcttegaatt catctteg

<210> SEQ ID NO 19

<211> LENGTH: 862

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 19

Met Gln Tyr Val Gly Arg Ala Leu Gly Ser Val Ser Lys Thr Trp Ser
1 5 10 15

Ser Ile Asn Pro Ala Thr Leu Ser Gly Ala Ile Asp Val Ile Val Val
20 25 30

Glu His Pro Asp Gly Arg Leu Ser Cys Ser Pro Phe His Val Arg Phe
35 40 45

Gly Lys Phe Gln Ile Leu Lys Pro Ser Gln Lys Lys Val Gln Val Phe
50 55 60

Ile Asn Glu Lys Leu Ser Asn Met Pro Met Lys Leu Ser Asp Ser Gly

25

25

24

28

28
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94

65

Glu

Asp

Gln

Glu

Pro

145

Ser

Pro

Asn

Ser

Lys

225

Leu

Lys

Leu

Gly

Ser

305

Phe

Thr

Leu

Asp

Leu

385

Gly

Gly

Ser

Gln

Ser
465

Ala

Ala

Glu

Ser

Gly

130

Asp

Glu

Pro

Phe

Lys

210

Pro

Leu

Glu

Thr

Ser

290

Leu

Ser

Ala

Thr

Leu

370

Phe

Thr

Lys

Arg

Ala
450

Lys

Ala

Tyr

Leu

Pro

115

Glu

Phe

Thr

Asp

Gln

195

Leu

Asn

Lys

Asp

Asp

275

Val

Ser

Lys

Gly

Asn

355

Lys

Val

Ile

Asp

Asn
435
Asp

Leu

Leu

Phe

Leu

100

Glu

Asn

Leu

Thr

Ser

180

Gln

Asp

Lys

Asp

Lys

260

Leu

Leu

Ser

Glu

Ser

340

Asp

Phe

Trp

Thr

Trp

420

Gly

Ser

Pro

Arg

Val

85

Val

Thr

Glu

Asp

Gly

165

Val

Lys

Asn

Asn

Glu

245

Asn

Ser

Gly

Ser

Gln

325

Gly

Gln

Ser

Arg

Lys

405

Thr

Tyr

Thr

Asn

Arg
485

70

Phe

Ser

Ser

Asn

Ile

150

Ser

Glu

Leu

Asn

Met

230

Phe

Gly

Pro

Leu

Pro

310

Ser

Glu

Leu

Val

Trp

390

Ser

His

Asn

Arg

Gly

470

Glu

Glu

Pro

Ile

Lys

135

Asn

Leu

Glu

Asn

Gly

215

Met

Gly

Asn

Pro

Asp

295

Ser

Ser

Thr

Lys

Asp

375

Asp

Asp

Leu

Ile

Ser
455

Pro

Val

Met

Val

Leu

120

Lys

Asp

Ser

Arg

Lys

200

Asp

His

Asn

Ile

Gly

280

Ala

Gly

Lys

Glu

Cys

360

His

Val

Ala

Gly

Leu
440
Tyr

Val

Ile

Gly

Met

105

Glu

Lys

Thr

Pro

Lys

185

Lys

Leu

Asp

Asp

Lys

265

Thr

Met

Ser

Ser

Lys

345

Leu

Gly

Pro

Leu

Val

425

Tyr

Leu

Ile

Leu

Asp

90

Ser

Gly

Glu

Gly

Thr

170

Leu

Leu

Leu

Thr

Ser

250

Ile

Pro

Glu

Asp

Glu

330

Arg

Asn

Lys

Ile

Gly

410

Ala

Leu

Arg

Leu

Lys
490

75

Gln

Ala

Gly

Lys

Asp

155

Glu

Val

Thr

Leu

Asp

235

Asp

Val

Pro

Ser

Thr

315

Lys

Tyr

Leu

Ala

Val

395

His

Lys

Thr

Ser

Ser
475

Lys

Val

Thr

Thr

Lys

140

Ser

Ser

Glu

Glu

Asp

220

Ile

Ile

Asn

Thr

Gly

300

Glu

Thr

Ile

Thr

Ile

380

Ile

Val

Leu

Ala

Ile
460

Pro

Pro

Thr

Ser

Glu

125

Val

Gly

Ser

Gln

Ile

205

Thr

Gln

Ser

Pro

Met

285

Ser

Asp

Ser

Arg

Tyr

365

Val

Ser

Leu

Phe

Arg
445
Glu

Asp

Glu

Asp

Ser

110

Gly

Leu

Ser

Thr

Arg

190

His

Glu

Leu

Ser

Tyr

270

Ala

Thr

Glu

Lys

Thr

350

Gly

Thr

Asp

Ala

Ser

430

Ser

Gln

Arg

Val

Val

95

Pro

Glu

Glu

Lys

Thr

175

Thr

Ile

Gly

Lys

Phe

255

Glu

Thr

Leu

Thr

Lys

335

Ile

Glu

Ser

Ile

Met

415

Glu

Ala

Asn

Thr

Phe
495

80

Pro

Pro

Gly

Glu

Asn

160

Thr

Lys

Pro

Tyr

Gln

240

Ile

His

Ser

Asn

Ser

320

Gly

Arg

Asn

Lys

Asp

400

Ile

Ile

Gly

Gly

Met
480

Lys
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Ile

Asn

Gly

Ser

545

Leu

Leu

Arg

Asp

Gly

625

Leu

Asn

Asn

Arg

Ser

705

Gly

Gln

Tyr

Ser

Lys

785

Lys

Glu

Pro

Glu

Ala

Glu

Asn

530

Ser

Leu

Val

Thr

Asn

610

Asn

Val

Ile

Arg

Asn

690

Asp

Ser

Ile

Leu

Arg

770

Lys

Ile

Ser

His

Phe
850

Cys

Val

515

Arg

Arg

Glu

Asp

Asn

595

Phe

Gln

Asp

Asp

Ala

675

Val

Val

Thr

Tyr

Asp

755

Arg

Leu

Asn

Arg

Asn
835

Asp

Leu

500

Asp

Ile

Ile

Leu

His

580

Thr

Asp

Glu

Ile

Glu

660

Asn

Ser

Glu

Pro

Leu

740

Asp

Ala

Ser

Val

Arg

820

Ser

Asp

Asn

Thr

Thr

Phe

Ala

565

Phe

Ser

Ser

Glu

Asp

645

Asp

Ser

Gly

Asn

Asn

725

Glu

Met

Ser

Val

Ser

805

Glu

Met

Asp

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mus

PRT

<400> SEQUENCE:

891

20

Met Asn Tyr Val Gly

Asp

Glu

Asp

Thr

550

Gly

Phe

Met

Glu

Lys

630

Asn

Thr

Val

Ser

Ala

710

Lys

Leu

Asp

Ser

Ser

790

Asn

Gln

Asp

Glu

Ile

Glu

Ala

535

Ile

Tyr

Pro

Val

Ile

615

Phe

Leu

Asp

Lys

Thr

695

Ser

Ser

Gly

Asp

Ala

775

Lys

Asp

Ser

Asp

Phe
855

Arg

Lys

520

Leu

Asn

Arg

Pro

Pro

600

Thr

Thr

Ser

Val

Thr

680

Asn

Asp

Thr

Ser

Glu

760

Ala

Ala

Val

Val

Lys

840

Asp

musculus

Ser

505

Ser

Ser

Thr

Ser

Val

585

Gly

Ser

Asp

Asp

Ser

665

Ala

Asn

Leu

Met

Pro

745

Asp

Ala

Gly

His

Asn

825

Asp

Glu

Leu

Thr

Tyr

Glu

Ser

570

Ser

Ser

Gly

Val

Ile

650

Gln

Lys

Asn

Val

Ser

730

Leu

Ser

Thr

Ala

Ser

810

Glu

Leu

Asp

Tyr

Pro

Arg

Gly

555

Tyr

Leu

Pro

Arg

Asn

635

Ser

Gln

Val

Glu

Ser

715

Lys

Ala

Asn

Ser

Pro

795

Leu

Thr

Asp

Glu

Phe

Phe

Thr

540

Glu

Ile

Asp

Pro

Lys

620

Phe

Asn

Ser

Thr

Val

700

Ser

Gly

Ser

Tyr

Ile

780

Thr

Gly

Gly

Ser

Phe
860

Glu

Phe

525

Val

Val

His

Ser

Asn

605

Thr

Trp

Asp

Asn

Lys

685

Leu

His

Asp

Pro

Asn

765

Asp

Arg

Asn

Arg

Arg

845

Glu

Asp

510

Ala

Gly

His

Ile

Val

590

Arg

Leu

Arg

Asp

Ile

670

Ala

Ala

Ser

Ile

Lys

750

Arg

Lys

Ile

Ser

Asn

830

Val

Asp

Ser

Gly

Ile

Met

Asn

575

Asp

Thr

Phe

Asp

Ser

655

Ser

Pro

Ala

Ser

Gly

735

Leu

Thr

Glu

Val

Asp

815

Gln

Ser

Asp

Phe

Pro

Glu

560

Glu

Leu

Leu

Arg

Pro

640

Asp

Arg

Gln

Ser

Ser

720

Lys

Arg

Lys

Phe

Ser

800

Thr

Leu

Asp

Gln Leu Ala Gly Gln Val Phe Val Thr Val Lys
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98

Glu

Ile

Gly

Glu

Ala

Arg

Thr

145

Lys

Glu

Ala

Gln

Gln

225

Ser

Leu

Lys

305

Asp

Ala

Gly

Tyr

Lys

385

Asp

Lys

Leu

Ile

Val

50

Asp

Asp

Ile

Ala

Cys

130

Pro

Ala

Asp

Pro

Asp

210

Ser

Pro

Ser

Trp

Lys

290

Met

Gln

Gln

Ala

Pro

370

Lys

Asp

Asn

Tyr

Val

35

Arg

Ile

Asn

Ile

Arg

115

Leu

Ser

Gln

Glu

Met

195

Asp

Ala

Ser

Lys

Leu

275

Met

Asn

Ser

Thr

Ala

355

Asn

Asp

Leu

Gly

Lys

20

Ile

Phe

Glu

Gly

Pro

100

Met

Asp

Thr

Leu

Asp

180

Asp

Ile

Ser

Gly

Ser

260

Trp

Lys

Phe

Pro

Glu

340

Ala

Thr

Lys

Thr

Asp
420

Gly

Arg

Gly

Ile

Glu

85

Met

Glu

Pro

Gly

Asp

165

Met

Gly

Pro

Tyr

Ser

245

Ala

Gly

Glu

Gln

Thr

325

Met

Pro

Ala

Arg

Asp

405

Pro

Leu

Gln

Lys

Asn

70

Ala

Tyr

Ser

Thr

Ser

150

Asn

Phe

Ser

Lys

Pro

230

Arg

Asp

Glu

Ser

Ala

310

Met

Gln

Pro

Gln

Ser
390

Met

Gly

Asn

Pro

Met

55

Gly

Phe

Leu

Gln

Thr

135

Leu

Leu

Pro

Arg

Glu

215

Ser

Pro

Arg

Leu

Ser

295

Ile

Ala

Phe

Ser

Ser
375
Arg

Asp

Gly

Pro

Asn

40

Gly

Glu

Phe

Ala

Leu

120

Ala

Gly

Lys

Ile

Thr

200

Asn

Ser

Ser

Leu

Pro

280

Pro

His

Arg

Val

Pro

360

Ser

His

Pro

Leu

Ala

25

Gly

Val

Ser

Val

Thr

105

Lys

Ala

Lys

Arg

Glu

185

Leu

Phe

Asp

Thr

Thr

265

Gln

Leu

Ser

Gly

Asn

345

Val

Ser

Leu

Glu

Pro
425

10

Thr

Ser

Leu

Val

Gln

90

Ser

Arg

Gln

Lys

Asp

170

Met

Pro

Pro

Arg

Pro

250

Pro

Ala

Gly

Glu

Leu

330

Glu

Ala

Lys

Gly

Val
410

Lys

Leu

Leu

Arg

Asp

Glu

Pro

Asn

Gly

Arg

155

Asp

Ser

Asn

Ser

Glu

235

Lys

Lys

Ala

Ser

Ser

315

Leu

Glu

Glu

Thr

Ala
395

Ala

Gln

Ser

Gln

Ser

60

Leu

Thr

Ile

Ser

Leu

140

Arg

Asn

Ser

Asp

Ile

220

Trp

Ser

Asn

Lys

Arg

300

Ser

Ile

Asp

Glu

Asp

380

Asp

Ala

Ala

Gly

Cys

45

Arg

His

Asp

Leu

Val

125

Pro

Lys

Val

Asp

Val

205

Ser

Ser

Asp

Asn

Ser

285

Lys

Asp

His

Leu

Leu

365

Ser

Gly

Leu

Ser

Cys

30

Ser

Glu

Met

Asn

Ser

110

Asp

Pro

Arg

Asn

Glu

190

Pro

Thr

Pro

Ser

Leu

270

Ser

Thr

Thr

Gln

Glu

350

Lys

Pro

Val

Tyr

Asp
430

15

Ile

Pro

Lys

Lys

Asp

95

Glu

Arg

Ser

Arg

Ser

175

Asp

Pro

His

Ser

Glu

255

Glu

Ser

Pro

Phe

Ser

335

Ser

Ala

Ser

Tyr

Phe
415

Asn

Asp

Phe

Val

Leu

80

Gln

Gly

Ile

Asp

Arg

160

Ser

Thr

Phe

Pro

Pro

240

Leu

Met

Pro

Asp

Ser

320

Lys

Leu

Pro

Arg

Leu
400

Pro

Val
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100

Ala

Asp

Ile

465

Lys

Asn

Lys

Ala

Asp

545

Arg

Gly

Thr

Ala

Tyr

625

Leu

Gln

Asp

Thr

Gly

705

Leu

Tyr

Leu

Ile

Lys

785

Asn

Asn

Ala

Arg

Ser

450

Ala

Asp

Pro

Tyr

Phe

530

Lys

Asn

Lys

Arg

Lys

610

Lys

Lys

Gly

Lys

Leu

690

Ile

Tyr

Leu

Leu

Glu

770

Asn

Arg

Arg

Lys

Ser

435

Gly

Ile

Ala

Ala

Tyr

515

Gln

Met

Ala

Gly

Ile

595

Pro

Lys

Asn

Thr

Val

675

Gly

Ala

Cys

His

Leu

755

Lys

Leu

Pro

Ile

Thr
835

Ala

Val

Ser

Phe

Ile

500

Asn

Lys

Pro

Thr

His

580

Lys

Ser

Thr

Gly

Cys

660

Ile

His

Lys

Ser

Trp

740

Ser

Lys

Phe

Ala

Phe
820

Asn

Asn

Glu

Leu

Leu

485

Ile

Trp

Pro

Lys

Ile

565

Asn

His

Gly

Leu

Pro

645

Arg

Ile

Ile

Leu

Ala

725

Val

Pro

Pro

Phe

Asp
805

Thr

Ile

Gln

Ser

Cys

470

Glu

Asp

Thr

Leu

Lys

550

Lys

Thr

Glu

Ser

Arg

630

Asn

Cys

Ser

Leu

Tyr

710

Arg

Asn

Ser

Glu

Pro

790

Val

Val

Ser

Ser

Thr

455

Gly

Gln

Asp

Thr

Pro

535

Gly

Glu

Gly

Ser

Ser

615

Leu

Asp

Glu

Asp

Pro

695

His

Ala

Glu

Ser

Lys

775

Asn

Tyr

Asn

Ser

Pro

440

Ser

Gly

Ala

Pro

Ala

520

Lys

Gly

Glu

Glu

Ser

600

His

Thr

Val

Gly

Ile

680

Thr

Lys

Ile

Arg

Leu

760

Phe

Thr

Ser

Pro

Tyr
840

Gln

Asp

Leu

Val

Asn

505

Ala

Ala

Arg

Ser

Gln

585

Ser

Leu

Ser

Val

Thr

665

Asp

Leu

Val

Gly

Gly

745

Phe

Lys

Glu

Tyr

Lys

825

Val

Ser

Ser

Ser

Ser

490

Leu

Pro

Thr

Trp

Lys

570

Pro

Ser

Ser

Glu

Phe

650

Ile

Gly

Gly

Ser

Met

730

Thr

Ser

Val

Pro

Lys
810

Gly

Arg

Val

Leu

Asp

475

Tyr

Val

Leu

Val

Trp

555

Pro

Ala

Asp

Leu

Gln

635

Ser

Tyr

Thr

Lys

Gln

715

Ala

Val

Ala

Gln

Phe

795

Gln

Glu

Leu

Gly

Arg

460

His

Gln

Val

Leu

Glu

540

Phe

Glu

Gln

Glu

Leu

620

Leu

Val

Leu

Ile

Asp

700

Asn

Asp

Leu

Leu

Cys

780

Tyr

Val

Leu

Cys

Gly

445

Asp

Arg

Gln

Lys

Leu

525

Ser

Ser

Gln

Leu

Glu

605

Ser

Lys

Thr

Trp

Thr

685

Trp

Gly

Met

Pro

His

765

Leu

Ala

Gly

Val

Glu
845

Ser

Leu

Glu

Phe

Val

510

Ala

Ile

Trp

Cys

Gly

590

His

Asn

Ser

Thr

Asn

670

Arg

Thr

Tyr

Thr

Gln

750

Arg

Thr

Ala

Val

Gln

830

Val

Gly

Pro

Ile

Ala

495

Gly

Met

Met

Arg

Leu

575

Leu

Ala

Val

Leu

Gln

655

Trp

Ser

His

Lys

Arg

735

Gly

Glu

Asp

Phe

Ser
815

Glu

Val

Ile

Ser

Thr

480

Asp

Asn

Gln

Arg

Gly

560

Thr

Ala

Ala

Ser

Lys

640

Tyr

Asp

Asp

Gln

Phe

720

Gly

Pro

Val

Ile

Gly

800

Leu

His

Asp
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102

-continued

His Val Phe Pro Leu Leu Lys Arg Ser His Ser Cys Asp Phe Pro Cys

850 855 860

Ser Asp Thr Phe Ser Asn Phe

865 870 875

Phe Glu Asn Gln Asp Met His
885

Ser Ala Ser Ala
890

Thr Phe Trp Arg Glu Pro Leu Pro Pro

880

The invention claimed is:

1. A ¢cDNA or recombinant vector comprising:

(a) a nucleotide sequence encoding a protein that consists
of an amino acid sequence having deletion, substitu-
tion, or addition of 1-50 amino acids in the amino acid
sequence set forth in SEQ ID NO: 2 and has a phos-
phatidic acid phosphatase activity; or

(b) a nucleotide sequence encoding a protein that consists
of'an amino acid sequence having an identity of 95% or
more with the amino acid sequence set forth in SEQ ID
NO: 2 and has a phosphatidic acid phosphatase activity,

wherein 100 amino acids at the N-terminus and the
DXDX(T/V) catalytic site motif in the protein are
identical to SEQ ID NO: 2.

2. A cDNA or recombinant vector comprising:

(a) a nucleotide sequence encoding a protein that consists
of an amino acid sequence having deletion, substitu-
tion, or addition of 1-50 amino acids in the amino acid
sequence set forth in SEQ ID NO: 2 and has an activity
that enhances generation of diacylglycerol (DG) and/or
triglyceride (TG) from phosphatidic acid (PA) in a
PAH1-deficient yeast strain; or

(b) a nucleotide sequence encoding a protein that consists
of'an amino acid sequence having an identity of 95% or

15

25

more with the amino acid sequence set forth in SEQ 1D
NO: 2 and has an activity that enhances generation of
DG and/or TG from PA in a PAHI-deficient yeast
strain,

wherein 100 amino acids at the N-terminus and the
DXDX(T/V) catalytic site motif in the protein are
identical to SEQ ID NO: 2.

3. A cDNA or recombinant vector comprising a nucleic

5o acid sequence according to any one of (a) to (d) below:

(a) the nucleotide sequence set forth in SEQ ID NO: 1;

(b) a nucleotide sequence encoding a protein consisting of
the amino acid sequence set forth in SEQ ID NO: 2;

(c) the nucleotide sequence set forth in SEQ ID NO: 4;
and

(d) the nucleotide sequence set forth in SEQ ID NO: 5.

4. An isolated transformant transformed with the recom-

binant vector according to claim 1.

5. A method for producing a lipid composition, compris-

30 Ing:

culturing the transformant according to claim 4; and

collecting a lipid from the culture,

wherein the lipid comprises diacylglycerol (DG) and/or
triglyceride (TG).
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